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DEEP OR NOT DEEP, FORE-DEEP OR "AFTER-DEEP”? 


ER TEMAGEGILLAVRY: 


ABSTRACT 


This anniversary address discusses the history and 
situation of some geosynclines of intermediate type 
which do not fit into the standard classification pre- 
sented by Aubouin. Such intermediate geosynclines are 
not uncommon and their analysis leads to conclusions 
of more general significance. The discussion is pri- 
marily based upon the geology of the upper Paleozoic 
of the Baixo Alemtejo? province (southern Portugal) 
and of the province of Huelva (southwest Spain). A 
comparison is made with the upper Paleozoic of the 
Rheinische Schiefergebirge, with the Cretaceous of 
Curacao, and with the Ordovician-Silurian of Wales 
and England. 

The acid rocks of the Alemtejo-Huelva area are 
initial volcanics of uppermost Devonian or lower- 
most Carboniferous age. They are not synorogenic 
intrusions as has often been thought. They are 
associated with radiolarites, and comprise rhyolitic 
rocks, keratophyres, spilites and diabases.. The acid 
rocks predominate and no serpentine has been found. 
The manganese and pyrite ores are thought to be 
primarily connected with the initial volcanism. 

It is suggested that the sea was shallow during the 
phase of submarine volcanism. This phase would thus 
not represent a Periode de vacuite as conceived by 
Aubouin. During a later phase part of the original 
shallow basin would have subsided, another part would 
have been raised. Since volcanism has ceased by this 
time, it is thought that these movements are caused by 
compressional forces, whereas tensional forces would 
have reigned during the phase of volcanism. In the 
subsiding part of the area graywacke deposition took 
place; the phase of graywacke deposition is thus a 
phase of subsidence and not a periode de comblement. 
The detritus in the graywackes is not derived from a 
pre-existing ridge or borderland, but from the rising 
part of the previous basin, and consists largely of rocks 
deposited during the preceding phase (radiolarite, 
rhyolite, keratophyre and spilite). This implies a flank 


1 Anniversary address, 18 II 1961; English version. 


2 To be pronounced: bajshoo aleimtayzjoo. 


on peut toujours trouver un type inter- 
mediaire entre deux autres; le faire n’est 
pas une d&couverte. 

J. Aubouin, p. 184. 


supply, as also suggested by the presence of slump 
channels and intercalated conglomerates. The frequently 
observed occurrence of the radiolarite-ophiolite as- 
sociation as detritus in subsequent graywackes is an 
additional argument for a shallow-water deposition of 
this association in such cases. 

Disposition, facies distribution and direction of 
folding are the reverse of the situation usually con- 
sidered as normal, and are not in favour of the theory 
of a continent growing through the successive addition 
of marginal geosynclines. 

The area contrasts sharply with the meseta to the 
north of it, the meseta proper. It is thought that the 
meseta proper is separated from the Alemtejo-Huelva 
province by a tectonic contact of the first order. 

An attempt to determine a minimum depth for 
graywacke deposition by means of a sequential analysis 
upwards from a reputed erosional hiatus of Tournais- 
ian age fails, because such a hiatus could not be 
found. Conodonts found near Mertola suggest that 
Tournaisian sediments are present. 


INTRODUCTION 


The story I have to tell is somewhat sad in 
the beginning, somewhat unsatisfactory towards 
the end. 

Once upon a time even a young student of 
geology knew that all marine coarse sands and 
conglomerates had been deposited in shallow 
water. The same student would also know that 
a geosyncline was a trough with a thick load 
of sediment, mostly of shallow-water facies, as 
shown by the presence of such coarse sand- 
stones; sedimentation thus would go on apace 
witb subsidence. 

And then there were turbidite. Many of 
these coarse sands and grits — in at least one 
meaning of the word — were found to be 
graywackes in at least one meaning of that 
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word.? Geosynclines to be real and true, had 
to be deep-water troughs. Sands with cross- 
bedding and conglomerates still belonged to the 
shallow-water facies, but graywackes were char- 
acteristic for deeper water. How deep is another 
point to which I will return. 

Still later it was found that conglomerates 
occur intercalated in graywacke sequences (Nat- 
land & Kuenen; Paproth & Graulich), and that 
cross-bedding is a normal phenomenon in this 
environment (i.a. Kopstein). The conglomerates 
may have slid down the flanks of the trough. 
Cross-bedding of the current-bedding type may 
occur everywhere, but only ”criss-cross-bedding” 
is characteristic for shallow water. 

The present views about geosynclines are very 

clearly stated by Aubouin in his magnificent 
review of the vicissitudes of terms and notions 
bound up with the problem of the geosyncline. 
Aubouin’s synthesis may be summarised as fol- 
lows. A geosyncline s.l. consists of parallel furrows 
and ridgesof large dimensions.On the oceanic side, 
called the internal side, there is aridge, which is 
quiet in a first phase, but which becomes continu- 
ously uplifted into a cordilleran borderland during 
a later phase. This ridge is neighboured by a 
large subsiding trough, the eugeosyncline, char- 
acterised by submarine extrusions of the initial 
volcanism. This trough has a first individualisa- 
tion stage, a second vacuity phase, when the 
borderland or ridge is quiet, and a third filling- 
up phase, when the borderland is rising. The 
eugeosycline is flanked on the other side by a 
platform or ridge, caused by a lagging behind 
of subsidence. This again is flanked by a second 
trough, the miogeosyncline, characterised by 
pelagic or neritic sediments, and lacking the 
characteristic ophiolites. The miogeosyncline 
has the same successive phases as the eugeosyn- 
cline, but they occur somewhat later. Calciturbi- 
dites may be found along both slopes of eicher 
trough during the vacuity phase. Beyond 
the miogeosyncline, finally, on the exteınal 
side of the geosyncline as a whole, comes the 
foreland, the continent. Such is the cross-section 
through a geosyncline as envisaged today and as 
expressed by Aubouin. Characteristics of the geo- 
syncline as a whole are, according to Aubouin: 
a) it is marginal to the continent; with regard 
to this continent the external side of the geo- 
syncline is internal, the internal side external; 
b) it contains submarine ophiolitic extrusions; 
these are restricted to the eugeosyncline; 


3» The use of the words grit and flag should not be 
continued. Professor G. Craig of Edinburgh agrees with 
me one hundred percent. He says he never uses the 
word grits, he calls them flags instead. 


c) it has polarity directed towards the continent, 
both in the history of its development’ and in 
the direction of its thrusting. 


After the main tectogeny, a new type of 
trough develops. Such troughs are formed upon 
and beyond the remains of the geosyncline and 
are filled with molasse-type sediments. According 
to their position these troughs are called: avant- 
fosse, intra-fosse, or arriere-fosse, not to be trans- 
lated as fore-deep, internal deep, or back-deep, 
inamuch as they may not be deep at all. These 
are the epieugeosynclines and exogeosynclines, 
nomina delenda. The avant-fosse in this sense is 
not an avant-fosse as meant by Gignoux, which 
is a miogeosyncline in Aubouin’s classification. 
Nor is it an avant-fosse (Saumtiefe or Saum- 
senke) as meant by Paproth and Graulich, which 
would be an „after-deep” as meant in the title.* 


According to others the eugeosyncline is 
characterised by the Steinmann trinity, i.e. the 
association of serpentine, ophiolite, radiolarite; 
or, because the word ophiolite represents a con- 
fusing mixture of different rock-types, the 
trinity serpentine, pillow-lavas, radiolarite. Or 
again the characteristic association is thought 
to be diabase-graywacke. As will be seen, in 
many cases the main graywacke sequence comes 
after the ophiolitic volcanism has ceased or 
nearly ceased. 


How deep actually are graywackes deposited? 
Terrigenous turbidites are now sampled from 
many points of the sea-floor at many depths. 
However only geosynclinal turbidites are 
relevant to our purpose. The trouble there 
is, where are present-day geosynclines to be 
found? Do they exist, or has too little time 
lapsed since the last orogeny? Possibly they are 
merely in the first individualisation stage which 
would hardly be recognisable. In that case we 
should perhaps be looking for sediments com- 
parable to those of the Triassic in the Alps. If 
present-day geosynclines exist, where do we 
find them? Oceanographers are coming up with 
answers to this question, not always the same 
ones. A very tempting suggestion has recently 
been put forward by Drake, Ewing and Sutton. 
The difficulty, of course, is that geosynclines are 
geological objects with a full time-dimension, 
represented ultimately by a thick column of sedi- 
ments. The significance of the full time-dimen- 
sion becomes clear, if one attempts to adapt 


* Professor Craig of Edinburgh tells me my term 


„after-deep” is an unpermissible use of the British 
language. McG: „true, the British consider puns the 
lowest form of wit”. Cr.: „No, we make quite a few 
of them, but we prefer our own people to make them”, 
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Aubouin’s standard scheme to the facies distri- 
bution of the Triassic in the Alps. 

Another point is, how certain can one be, 
that sediments found at a certain depth have 
actually been deposited at that depth? One may 
have to allow for the post-glacial sea-rise coupled 
with non-deposition or submarine erosion, a 
phenomenon more widespread than had former- 
ly been thought. 

In 1956, as a guest of Scripps Institution of 
Oceanography, I had the opportunity to join a 
sampling trip across the Acapulco trough. Here 
we found gypsum in samples taken at a depth 
of 210 (238) m and 480 (553) m on the shelf 
between the coast and the trough.® For the 
time being I do not believe that gypsum can 
have been formed in the sea. Although alterna- 
tive hypotheses are possible, it could be that an 
active sinking of the Acapulco shelf has taken 
place since deposition, with no subsequent cover, 
or eventually with some submarine erosion. It 
may incidentally be mentioned that a sample 
at 1040 (1138) m depth contained phosphorite, 
and that type of glauconite which, geologically, 
is usually found at non-deposition levels of 
presumed shallow depth. 

An estimate of the depth of graywacke depo- 
sition has been made by Kuenen on the basis of 
calculations. The important point to be deter- 
mined, however, is the minimum depth at which 
graywacke deposition can occur. From the strati- 
graphic point of view, the obvious thing to do 
would be to go and investigate the moment of 
onset of graywacke deposition, or the termina- 
tion of such a sequence, and to see what 
kind of facies is indicated by the fauna of the 
beds directly below the first, or directly above 
the last graywacke. An example of the latter, 
which is already classical, has been given by 
Natland and Kuenen for the Ventura basin. 
According to Kuenen (p. 1011), turbidite depo- 
sition continued up to a level deposited at a 
sea-depth of a few hundred meters. In most 
cases, however, this method fails because of the 
scarcity of fossils in this kind of environment. 


5 The post-glacial sea-rise can be a great bother to 
actualism. If I may be permitted a digression, I have 
often toyed with the idea that deltas, as we know them, 
might well be phenomena which can only be formed 
in that manner because of the space provided for them 
by this sea-rise. The Rhöne-delta, for instance, appears 
to have been built up on a definite platform (Kruit). 


6 The first number indicates depth by echo-sounding, 
the number between brackets indicates depth by wire 
measurement. I wish to express my gratitude to Scripps 
Institute of Oceanography for the opportunity thus 
offered, and to R.L. Fisher for permission to publish 


these data. 
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An indirect method to determine this mini- 
mum depth could be found in such cases where 
graywacke deposition is thought to set in shortly 
after a hiatus caused by subaerial or shallow- 
water erosion. A sequential analysis upward 
from such a hiatus, coupled with a regional 
knowledge of the area, would at least pro- 
vide some indication of the sea-depth at the 
onset of graywacke deposition. 

A first example thought to be suitable for this 
kind of investigation was found, it was hoped, 
in the southern part of Portugal, where a 
Carboniferous graywacke sequence was thought 
to overlie a hiatus representing a regression 
during the Tournaisian.” For this reason, 
amongst others, I have been doing field-work in 
this region with students of Amsterdam Univer- 
sity for the past seven years.® As will be seen 
we have found evidence that such a hiatus does 
not exist, at least not in the areas studied in 
detail, and so we failed in this our first purpose. 

A second example, which, it is hoped, may 
yield better results has been found in the turbi- 
dite sequence of the Middle Curacao Beds on 
the island of that name in the Leeward Islands 
of the West Indies. These beds, which are of 
uppermost Cretaceous or lowermost Tertiary 
age, overlie an angular unconformity and start 
with a thick sequence of basal conglomera- 
te. Fortunately a grant from the Stichting 
W.O.S.U.N.A. has made it possible to make an 
exhaustive study of the geology of this island, 
and a graduate of Amsterdam University will 
start fieldwork there in April of this year.” 


STRATIGRAPHY AND GEOLOGY OFSOUTHERN 
PORTUGAL AND HUELVA 


Although we failed in our Portuguese field- 
work to find a reliable minimum depth estimate 
for graywacke deposition, we found instead a 
number of other interesting results, which will 
form the main theme of what follows. These 
results differ in many respects from the gener- 
ally accepted views about the geology of south- 
ern Portugal and Huelva, although it would be 


7 It is curious to note, how in several places (Py- 
renees, Mouthoumet), where the Tournaisian was 
thought to be absent through regression, it is now 
being found by means of Conodonts. This is also the 
case in Portugal. 

8 ] am greatly indebted to many persons in Portugal, 
both official and private. Of these I will only mention 
here the Geological Service of Portugal for their co- 
operation and permission to work in Portugal. Full 
acknowledgements will be made in another paper 
(Mac Gillavry, in press). I also wish to express my 
thanks to Mr. R. Pryor of the Rio Tinto Mines, and 
to the Empresa Nacional Adaro for hospitality and 
for some very instructive field-trips. 
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difficult to find a single point on which 
diametrically opposed views have not been 
expressed in the literature. It is not my Intention 
to go too deeply into these controvessies here. 
They are more fully dealt with in a paper pre- 
sented at the Fourth Congress on the Strati- 
giaphy of the Carboniferous (Mac Gillavıy, in 
press). 


The general setting. 

Southern Portugal and the province of Huelva 
in Spain form the southwestern-most part of the 
Iberian Meseta. This meseta largely coincides 
with the main outcrop of Paleozoic and possibly 
older rocks in the peninsula. A subdivision of the 
meseta into a number of zones has been made 
by Lotze (1945, p. 79; our fig. 1). The area 
under consideration conforms with his southern- 
most zone, the sädportugiesische Zone. 

The main and central part of the meseta — 
to be called the meseta proper in the following 
— contains marine sediments ranging from the 
late pre-Cambrian or infra-Cambrian up to the 
lower-Devonian, and, after an angular uncon- 
formity, upper Carboniferous in continental 
facies. The whole has been intruded by various 
cycles of hercynian granites, the oldest being 
concordant granites and protogynes, the young- 
est being post-Stephanian discordant porphyric 
granites (Westerveld 1956). Conditions in the 
Baixo Alemtejo-Huelva province differ consid- 


9 The stratigraphy of Curacao has been described 


by Molengraaff, Vermunt & Rutten, Pijpers 
(1931), and Westermann. The stratigraphic section 
below the Middle Curacao Beds starts with a 
thick complex of submarine diabase and diabase tuff. 
This is overlain by a formation consisting of radio- 
larites, acid tuffs and a few diabase tuffs. These for- 
mations are presumably of Cretaceous age. An angular 
unconformity separates them from a number of over- 
lying Rudist-limestone reefs of local occurrence and 
probably of Campanian age (Mac Gillavry 1932). After 
a second angular unconformity the Middle Curacao 
Beds start. They begin with a thick complex of con- 
glomerates, which are replaced upwards by sandstone, 
which, in turn, grades upwards into shale. It is not known 
at which level the typical turbidite phenomena start. The 
conglomerates and sandstones contain detritus derived 
from all preceding formations (diabase, radiolarite, tuff, 
Rudist-limestone). The unconformities may not be 
present everywhere, and in some parts of the island 
the Middle Curacao Beds seem to overlie the radio- 
larite-tuff formation without clear evidence of a hiatus. 

Possibly one may recommend the Silurian graywackes 
of Wales and England as another object of the same 
kind, for there is much evidence of unconformities 
caused by taconic movements. Actually, to judge from 
the maps of the Llandeilo and Llandovery areas these 
movements would seem to be much stronger than those 
occuring between the Silurian and Devonian, which 
only resulted in a small-angle cartographic uncon- 
formity. 


Fig. 1 — Subdivision of Iberian meseta into different 
geological zones. Outcrops of pre-Mesozoic in grey. 
After Lotze, 1945 fig 1, p. 79. Scale 1: 10.000.000. 


erably from those in the meseta proper. Only a 
few granitic intrusions are found, in its northern 
parts, in Huelva. It contains a marine sedimen- 
tary series comprising at least the Upper Devonian 
and Carboniferous (Dinantian to Westphalian; 
see Del£pine), i.e. the very formations which are 
lacking in the meseta proper. This, at least, is 
the generally accepted view. Actually marine 
lower Carboniferous has long been known to 
occur in the Spanish part of the meseta proper, 
near Berlanga and Casas de Reina, near Zafra, 
and near Belmez (Roso de Luna & Hernändez 
Pacheco; Lotze 1942; 1945, p. 85). 

The absence of marine Upper Devonian in 
the meseta proper has been taken to indicate that 
this area was affected by a possibly mesodevonian 
movement (Carrington da Costa, 1952). Stille 
considers the southern geosyncline as a sub- 
variscian fore-deep. Both views will be criticised 
in the following. 10 

The meseta proper and the southern geosyn- 


19 According to Stille Asturia and the southern geo- 


syncline form two symmetrically opposed sub-variscian 
deeps on either side of the main orogene, the mesera 
proper in our terminology. According to Dr. A. Brou- 
wer of Leiden University (personal communication), 
who is working with students in Asturia, the section 
there is completely different from that of the southern 
geosyncline. To consider both areas as symmetrically 


opposed sub-variscian deeps is therefore extremely 
misleading. 
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cline are separated by the porphyry and gabbro 
zone of Beja. According to my own observations 
there is a possibility that the limit between the 
Beja zone and the Alemtejo-Huelva geosyncline 
is formed by a tectonic contact of the first order. 
Thus south of Beja in Portugal and near Valde- 
flores in Spain the epimetamorphic rocks of 
Alemtejo-Huelva type are sharply bounded on 
the north by amphibolites, and, near Valdeflores, 
also by gneiss. 

A provisional and generalised geologic map 
of the Baixo Alemtejo is given in fig. 2. The 
stratigraphic columns of two areas studied in 
detail are represented in fig. 3. (Odemira by 
H. F. W. Kleyn; Pomaräo by M. van den Boo- 
gaard). The correlation between the two areas in- 
vestigated is entirely tentative. The age determina- 
tions Strunian and Tournaisian might have been 
given five question marks instead of only one. 
The columns only give the crucial part of the 
section, which is relevant to the discussion. The 
Carboniferous sequence continues upward to an 
unknown total thickness. The total thickness of 
deposits is probably enormous, which would not 
be clear from fig. 3. Thicknesses near Odemira 
can not be given with certainty because of much 
isoclinal folding; apparent thicknesses obtained 
from cross-sections have been arbitrarily divided 
by three. The thicknesses near Pomaräo have 
been obtained with a good degree of certainty by 
detailed mapping. 


Oldest formations exposed. 


The oldest beds in the area are quartz-sericite 
schists, with very little zircon or tourmaline in 
the quartz bands. These are the eszrato cristallino 
of the geological map of Portugal occurring in a 
zone between Mertola and Beja. They grade 
upward into metamorphic quartzwackes, which 
are presumably included in the Devonian of the 
geological map. Both formations contain diabase 
intrusions, and the quartzwackes are in addition 
somewhat albitised and contain some acid por- 
phyries. The diabase and porphyry are clearly 
pre-tectogenic. These rocks have been studied by 
me to the northeast of Mina de S. Domingos. 
The relationship between these rocks and the rest 
of the section is not known; they are presumed 
to be older. 


Ouartzite-volcanite complex. 

The next complex recognised is a series of 
formations which contain quartzites, volcanic 
rocks, phyllites and radiolarites. This unit will 
be called the quartzite-volcanite complex after 
its most characteristic constituents. It is 
more or less equivalent to the Devonian of the 
geological map of Portugal, which map, with 


139 


some tentative corrections, is reproduced in 
fig. 2. In Spain the same group has usually 
been considered as Silurian, but recently the 
presence of Devonian is being recognised (Pardo; 
Sampelayo in Pardo e.a., 1945). It is fuzther- 
more probable that this is the complex considered 
as Algonkian plus lower Cambrian by Lotze 
(1942, p. 246; 1945, p. 7; 1945, p. 87). The 
quartzite-volcanite complex has been provisionally 
teferred to as Devonian by Mac Gillavry (in press) 
and Kleyn. Actually, however, the only level for 
which an age can be established is a Clymenia- 
limestone intercalation, which is of Famennian age 
(Pruvost). It is not known how far down in age 
the lower parts of this unit go. It is further- 
more possible that it contains some Tour- 
naisian in its upper parts, for a limestone 
bed found north of Mertola has yielded a Cono- 
dont fauna, which has been provisionally dated 
by S. P. Ellison as Tournaisian, possibly Gatten- 
dorfia-stage. 1! This limestone is directly as- 
sociated with radiolarite, and less directly wıth a 
diabase of the same type as those found in the 
upper parts of the quartzite-volcanite complex. 
The tectonic situation is not simple at this local- 
ity, but the association with the radiolarite is so 
direct, that it is reasonable to suppose that this 
limestone belongs to the quartzite-volcanite 
complex. A fauna of supposed Strunian age has 
been found between the rhyolitic rocks in the 
Odemira area (Paeckelmann in Quiring, p. 15; 
Carrington da Costa, 1952, p. 10). 

The volcanic rocks comprise rhyolitic ıocks, 
mostly extrusive but also intrusive, keratophyres, 
intrusive and also as pillow-lava, spilite, which 
probably intruded close to the sediment surface, 
and intrusive diabase, mostly as sills. There has 
long been a controversy regarding these rocks. 
The most widely accepted view is that they are 
early syntectonic intrusions. Although it would 
be rash to say that such intrusions do not occur, 
it may be stated that most of the rocks con- 
sidered as such, are in reality contemporaneous 
volcanites, as has repeatedly been stated in the 
past (Klockmann, Quiring, Fourmarier, Gregory, 
Cullis). The same conclusions have been inde- 
pendently reached by Dr. Zbyszewski of the 
Geological Survey of Portugal, and by Mr. G. 
Strauss, a Münich student (personal communica- 
tions). 

It has usually been thought that the manganese 
and pyrite ores of the area were connected either 
with the diabases or with the „porphyries”. 
These ores, in my opinion, are therefore con- 


11 ] wish to express my thanks to Professor S. P. 
Ellison for giving us a provisional determination of our 
Conodont faunae during a visit to Amsterdam. 
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nected not with syntectonic intrusions, but with 
the initial volcanism, at least primarily. Mr. Strauss 
has independently arrived at the same conclusion 
on the basis of field-work near Louzal. Oftedahl 
even concludes that the Huelva „porphyries” 
must be extrusive, merely on the presence of the 
large pyrite bodies. Actually they are both ex- 
trusive and intrusive but contemporaneous with 
the formation in which they occur. As far as the 
age of these „porphyries” is concerned, Oftedahl 
happens to be right, and Kautsky’s criticism is 
found to be incorrect in this respect. 

At the top of the quartzite-volcanite complex, 
in the Pomaräo area, occurs a very curious rock, 
which Mr. van den Boogaard has called the 
Aguia tuffite. It has the appearance of a 
verschwemmter Tuff, is largely volcanogenic 
with little to no quartz, but also contains some 
tock-fragments and shows some of the character- 
istics of a graywacke. Radiolarite occurs below 
and intercalated between the Aguia tuffite beds. 
Probably here is a first indication of turbidity 
flow. A comparable rock has been described from 
the Odemira area as the Vale Longo formation 
by Kleyn. It contains more detritic fragments 
and is less clearly volcanogenic. 


Graywacke complex. 


Shortly after the deposition of the Aguia tuf- 
fite, graywacke sedimentation sets in. Some 200 
m above the base, occurs a layer with 
Posidonia becheri, indicating a Visean age. The 
detritus of the graywackes consists for the greater 
part of fragments derived from the quartzite- 
volcanite complex (quartzite, phyllite, radiolarite, 
rhyolite, keratophyre and spilite). Nevertheless 
there is no stratigraphic evidence for a hiatus or 
a regression, which I had hoped to use as a datum- 
plane in our quest. On the contrary, as has al- 
ready been stated, there is reason to assume the 
presence of beds of Tournaisian age. 

The volcanism has ceased before the onset of 
graywacke deposition, a phenomenon which is ob- 
served in many parts of the world, but which has 
not received due attention. 

The Carboniferous attains great thickness. The 
youngest zone established by fossils is the 
Gastrioceras listeri zone of the Westphalian 
(Delepine). The younger parts of the Car- 
boniferous have not been studied by us. Appar- 
ently they tend to become more quartzitic. 


Folding and subsequent history. 


The whole has been folded in hercynian times. 
The direction of folding and thrusting is mainly 
towards the south. Simultaneously the formations 
have been metamorphosed, but not beyond the 
epimetamorphic stage. With the exception of the 


granitic rocks in Huelva (of unknown age) there 
are no granites as in the meseta proper. In Me- 
sozoic and Tertiary times there were further in- 
trusions of dolerites and lamprophyric rocks, and 
also of the well-known intrusions of the Foia 
(Serra de Monchique; foyaite) and of Sines. Thus 
part of the basic rocks is pre-Visean, part much 
younger and post-orogenic. 


COMPARISON AND DISCUSSION 


It will now be discussed in how far the facts 
given in the preceding chapter lead to new views, 
to show that the area studied does not conform 
to current ideas about how a geosyncline should 
behave, and to compare it with other regions 
which show similar and equally unorthodox 
features. 

The entire stratigraphic sequence of the Alem- 
tejo-Huelva region shows a striking resemblance 
to the section in the Rheinische Schieferge- 
birge.'? This similarity even extends to the 
limestone horizon, which, lensing out, grades 
laterally into phyllites with lime nodules of the 
same type as the Kramenzel-Schiefer of the Lahn 
area. Some of the volcanic rocks in the Alemtejo 
are so similar to rocks of the Lahn area, that they 
could almost be confused with each other. There 
also volcanism had virtually ceased before the 
beginning of the Carboniferous graywacke sedi- 
mentation. 

Points of similarity are also present with the 
Ordovician-Silurian of Wales and with the 
Cretaceous-lowermost Tertiary of Curacao, and 
with several other areas. There will be occasion 
for comparison in the following discussion. 

On the other hand the entire sequence is 
sharply different from that of the meseta proper. 


Engeosyncline or not? 


As may be clear from the preceding, the 
Alemtejo-Huelva geosyncline has many features 
of a true eugeosyncline: the presence of volcanic 
rocks of the initial type, the occurrence of pillow 
lavas (see also Fourmarier and Cullis) and the 
association of ophiolitic rocks with radiolarite. 
On the other hand acid rocks appear to predo- 
minate over basic rocks, particularly towards the 
southwest near Ourique and Odemira. Further- 
more, although serpentine is mentioned from 


12 ] am greatly indebted to professor F. Michels of 
Wiesbaden for two highly instructive excursions 
through the Lahn area. Many thanks are furthermore 
due to Dr. R. Teichmüller, Miss Dr. E. Paproth and 
Dr. J. Kulick, the leaders of the wonderful 1960 
excursion of our Society through the different facies of 
the Dinantian in the Sauerland. All these excursions 
have been of the greatest value for my work in Portu- 
gal, and much of the information used in this discus- 
sion has been obtained on those occasions. 
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several places on the meseta proper, none has 
been found so far in our geosyncline.1} 

The lack of serpentine is an argument which 
has become complicated by recent literature. Thus 
according to de Roever, serpentine might not 
belong to the eugeosynclinal stratigraphic as- 
sociation. However, if the hypothesis of de Roe- 
ver is correct, the presence of serpentine would 
be caused by a type of tectonic transport, which 
would be characteristic for geosynclines. They 
would thus belong to the eugeosyncline in an 
indirect manner. It may be noted, that, as far as 
I know, no serpentine has been found either in 
the Rheinische Schiefergebirge, Wales or Cu- 
ragao. 

The predominance of acid rocks is not as 
exceptional as may be thought. Thus in the 
Ordovician of Wales and the Lake District, there 
appears to be a predominance of rhyolitic and 
andesitic rocks.1!* Pringle and Neville George 
(p- 24) state that the order of succession is from 
basic to acid, but that is not very evident in the 
remainder of their text. This is definitely the 
order of succession in the Cretaceous of Curacao 
(op. cit.) and Bonaire (Pijpers 1933). In the 
lower part diabase predominates, higher up acid 
rocks become predominant. In Bonaire there are 
again diabase intrusions in the higher parts. The 
acıd rocks of Bonaire do not contain quartz 
phenocrysts and thus may be less acid than our 
rocks. In total volume there are more acid rocks 
than diabases on Bonaire. Usually it is maintained 
that eugeosynclines are characterised by basic vol- 
canism. Does this mean that such areas, in which 
acid volcanism predominates, are not to be con- 
sidered as eugeosynclines? Or are they simply 
being ignored? In any case it is not possible to 
regard them as miogeosynclines. In the Rheinische 
Schiefergebirge, incidentally, basic volcanism 
appears to be the more common (Kegel). 

The volcanic rocks of Portugal, as has already 
been stated, are of the same type as those of the 
Lahn-Dill area and the Sauerland. These are often 
considered as typical initial volcanites, and the 
initial volcanism is again considered typical for 
the eugeosyncline. This is also the case with the 
association radiolarite-ophiolite-manganese ore. 
In our case the radiolarites are not stratigraphic- 
ally associated with the diabases, for these are 


13 A troctolitic rock has been sampled just south of 
Beja. However, it occurs north of the amphibolites 
mentioned on p. 139, and may belong to the meseta 
Proper or to the gabbroic rocks of the Beja zone. 

14 The nomenclature of geosynclinal volcanic rocks 
is both confusing and misleading. The rhyolites of the 
British Ordovician (Guppy & Thomas) are not iden- 
tical with our rhyolitic rocks. For a description of the 
latter see Kleyn. 
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all intrusive in the areas studied in detail. They 
are rather associated with the extrusive kera- 
tophyres and with the rhyolitic rocks. The as- 
sociation Ophiolite-manganese ore appears to be 
very widespread (Westerveld 1951; Manganese 
Symposium, Mexico Congress). 

The presence of large pyrite bodies is also in 
favour of a eugeosynclinal environment. Miller 
even states that such pyrite bodies occur ex- 
clusively in eugeosynclines, and Oftedahl postu- 
lated an extrusive nature for the „porphyries” 
on the basis of the presence of these ore bodies. 
According to the most widely accepted view that 
the volcanites were synorogenic intrusions, the 
Alemtejo-Huelva region would have been ex- 
ceptional, and was indeed tegarded as such. Now 
that the contemporaneous nature of the volcanism 
has been established the area is no longer ex- 
ceptional. 

A last eugeosynclinal characteristic, finally, is 
the scarcity of fossils. 


Facies distribution of the quartzite-volcanite 
complex. No accompanying miogeosynchne. 

If we have to consider the area as a eugeosyn- 
cline, where do we find an accompanying mioge- 
osyncline? This could be a serious objection. 
However, one may likewise ask where the 
miogeosyncline of the Rheinische Schieferge- 
birge is to be found. In order to find out whether 
a miogeosyncline can be found in our geosyncline 
it will first be necessary to review the facies 
distribution of the quartzite-volcanite complex. 
With regard to the graywacke complex this 
question will again be taken up in a later section. 
No beds of the same age as the quartzite-vol- 
canite complex have been recorded from the 
meseta proper. In the Alemtejo-Huelva geosyn- 
cline the facies appears to be of rather uniform 
character. There is an increase in the volume of 
acid extrusives towards the southwest, near 
Ourique and Odemira. 

As a result there is no evidence for the 
existence of a biconple eugeosyncline-mioge- 
osyncline, and the same will be seen to be true 
for the Carboniferous. One might be inclined to 
consider the meseta proper with its serpentine as 
the eugeosyncline, and the Alemtejo-Huelva arca 
as the miogeosyncline. In that case one would 
wish to find beds of the same age as the quartzite- 
volcanite complex in the meseta proper, and for 
that matter more marine Carboniferous, and then 
in a different facies. In any case, if the southern 
geosyncline may not be considered as a true 
eugeosyncline, it is certainly not a miogeosyn- 
cline either. 

Actually, how necessary is the occurrence of a 
biconple? Aubouin recognises the possibility of 


142 


ee Sr 3 2 ar 


Fig. 4 — Example of quartzite from lower interval. x 42,5. Sample v. d. B. 319. 
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Fig. 5 — Example of quartzite from upper interval. x 42,5. Sample v. d. B. 21. 


one should not try to fit the facts to the theory, 
at least not in the case of such intermediate 
types. 

In the Rheinische Schiefergebirge the facies 
changes appear to be very complex during the 
comparable phase, both in a transverse and in 
a longitudinal direction. Thus it seems that the 
Sauerland volcanites disappear towards the 
southwest, a direction usually considered as 
longitudinal. The Hessian volcanites appear to 
diminish in the same direction (Schmidt). 


Quartzite-volcanite complex. Deep or not deep? 
Not a vacuity phase. 


We now come to the first part of the title. 
How deep was the sea-floot when the submarine 
volcanism took place? Apparently this stage does 
not represent a first vacuity phase, as there 
appears to have been a quartzwacke sequence 


preceding it. The association with radiolarite’ 


and manganese ore would seem to indicate rela- 
tively great depth. However, near Pomaräo these 
rocks are intercalated between two sections with 
quartzite intercalations which, sedimentologically, 
are to be considered as protoquartzites and 
orthoquartzites. There are four possibilities: 

a) the quartzites were deposited at great depth. 
\We may yet have to accept deep-water quartzites, 
but for the present this seems unlikely from the 
sedimentological point of view. In order that 
everybody may judge for himself, I herewith 
reproduce photographs of the two types of 
quartzite (figs. 4 and 5). The quartzites of the 
interval below the volcanites are thickbedded, 
and often of such a high quartz-content that they 
can be used as SiO, in the fabrication of sulphur 
out of the pyrite ore. The quartzites of the in- 
terval above the main occurrence of acid vol- 
canites are finer grained, less pure, thin-bedded, 
and alternate rhythmically with phyllite. How- 
ever, they are definitely not turbidites. 

b) there was a violent subsidence after the first 
quartzite interval, after which sedimentation 
filled up the resulting space, so that the second 
quartzite interval could again be formed at 
shallow depth. Such a situation could occur in 
the case of the enormous thickness of volcanites 
in the British Ordovician, but in our case there 
is simply not enough sediment between the two 
intervals. 

c) the basement was subjected to violent oscil- 
lations, down and up and down again. This I 
am not inclined to assume, for any upward mo- 
vement of this extent would have to show in 
some way in the nature of the sediments some- 
where. 

d) the more likely hypothesis is that the radio- 
larites and the manganese ore are simply as- 
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sociated with the extrusion of the volcanic rocks, 
and that deposition took place in shallow water. 
A shallow depth is usually considered necessary 
for the formation of the pyrite ore bodies. 

On the whole, therefore, I am inclined to con- 
sider the volcanism to have taken place at shal- 
low depth, so that this phase would not represent 
a vacuity phase at all. Thus the answer to the 
first part of the title, which refers to this phase, 
would be „not deep”. Part of the volcanics in 
the Lahn-Dill area have certainly been extruded 
in shallow water, in so far as they are associated 
with Stromatopore-bearing Massenkalke. 


Graywacke complex. Not at filling-up phase. 


Now let us turn to the next phase, the phase 
of graywacke deposition. The first point to be 
established is that this sequence does not repre- 
sent a periode de comblement, not a filling-up 
phase of a preceding periode de vacnite, because 
there was no preceding vacuity stage, if my con- 
clusion about the shallow depth of deposition 
of the preceding formation is correct. Rather, it 
would seem that a rapid subsidence took place, 
which was not fully compensated bij the intensive 
sedimentation. Only in this way can one account 
for the continued graywacke sedimentation. The 
first sign of this deepening is found in the Aguia 
tuffite, which already has some of the character- 
istics of a turbidite. Here also, and likewise in 
the Vale Longo formation of Odemira, one finds 
the first admixture of rock fragments derived 
from the preceding formations. The Vale Longo 
formation likewise succeeds an interval in which 
quartzites occur. The Aguia tuffite is again as- 
sociated with radiolarite and manganese ore, but 
here this association sets in before the deposition 
of the tuffite. 

A filling-up with sedimentation gaining upon 
subsidence may occur higher up in the Car- 
boniferous, where the graywackes appear to be 
replaced by quartzite. 


Sea depth at deposition of first graywacke. 


In.the areas investigated in detail there is no 
evidence of a hiatus. On the contrary the sequence 
has a natural continuity. However, assuming a 
shallow depth for the deposition of the last 
quartzite, can we not use this as a datum-plane 
in order to obtain an estimate for the minimum 
depth of graywacke deposition? The first gray- 
wacke near Pomaräo occurs 235 m above the 
highest quartzite; if the Aguia tuffite is con- 
sidered as the first turbidite, this vertical distance 
is reduced to 135 meter. The trouble in this case 
is that the rocks between the last quartzite and 
the first graywacke do not permit a reasonable 
sequential analysis, because of the ambiguity of 
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SEA -DEPTH AT TIME 
OF FIRST GRAYWACKE 


IDEM CORRECTED FOR 
COMPACTION AFTER 


FIRST GRAYWACKE 
SUBSIDENCE BETWEEN Er 


LAST OUARTZITE AND 
FIRST GRAYWACKE DEPOSITION BETWEEN 
LAST QUARTZITE AND 


FIRST GRAYWACKE 


+ 
SEA-DEPTH OF LAST 
QUARTZITE 
ES RE EEE, [ER 
Fig. 6 — Diagram illustrating method for estimating 


minimum depth of graywacke deposition upwards from 
an interval of supposed known depth of deposition. 


their lithologic nature, and the absence of fos- 
sils. One might, however, try to obtain an esti- 
mate in the following manner, as illustrated in 
fig. 6. The depth of the sea-floor at the time of 
deposition of the first graywacke would be equal 
to the depth at deposition of the last quartzite 
plus the amount of subsidence minus the thick- 
ness of sediment deposited during the time in- 
terval, corrected for the amount of compaction 
which took place after the deposition of the first 
graywacke. For this calculation one would have 
to make a reasonable assumption as to the be- 
haviour of the subsidence as a function of time, 
and to know the amount of overload subsequent 
to the first graywacke, in order to make the com- 
paction correction. As neither is possible in our 
case, this method also fails. 


Cessation of volcanism. 


The next point to consider is the fact that 
volcanism had ceased before the deposition of 
the first true graywacke. In the Sauerland there 
are still a few thin tuff intercalations in the 
Carboniferous graywacke section. In the Ordo- 
vician of Wales and the Lake District volcanism 
has ceased even some time before graywacke 
deposition sets in. In Curacao, one only finds 
intrusions of a later phase in the Middle Curacao 
Beds. The literature abounds with similar cases. 

It is reasonable to suppose that this cessation 
or at least decrease of submarine volcanism cor- 
responds with an important change in geophysi- 
cal conditions. Possibly this moment marks the 
beginning of compressional forces, whereas the 
preceding phase with its volcanism was con- 
ditioned by tensional forces (cf. Trümpy). 


Graywacke detritus derived from preceding 
formation. Not a fore-deep. 


A last but very important point is that most 
of the detritus in the graywackes appears to be 
derived from the preceding complex. This 


appcars to be likewise the case with the Middle 
Curacao beds but with a greater admixture of 
extraneous material. The Carboniferous gray- 
wackes of the Sauerland likewise contain kerato- 
phyre and spilite fragments supposedly derived 
from the Devonian, but here there isa still greater 
admixture of extraneous metamorphics.1® Profes- 
sor W. P. de Roever gives me another example 
of the same nature: the Danau formation of 
Central Borneo consists of radiolarite, chert and 
spilite; this association is found as detritus in the 
turbidites of the succeeding „Old Slate Forma- 
tion” (de Roever, unpublished report). 

It does not matter whether the graywackes also 
contain extraneous material or how much, the 
important point is that they contain detrital 
material derived from the preceding formations 
deposited in the same region. 

There is no evidence that the Portuguese gray- 
wackes contain material derived from the meseta 
proper, even if one allows for the influence of 
the granite intrusions there, which are presumed 
to be younger than the Visean. Admittedly it is 
difficult to do this with any degree of certainty. 
However the majority of the graywacke detritus 
shows the same association and the same range 
of variation as the rocks which constitute the 
quartzite-volcanite complex, and thus an admix- 
ture from the meseta proper can not be impor- 
tant. Thus we do not have a fore-deep to a 
raised central meseta. 

It may further be mentioned that some of the 
detritus derived from the preceding formations 
is well rounded. This is not exceptional, although 
graywackes are usually thought to have only 
angular fragments. 


Part of basin rising, part subsiding. Graywacke 
deposition in restricted „after-deep”. 

The conclusion which follows from the pre- 
sumed shallowness of the preceding phase, the 
absence of a hiatus in the areas studied, and the 
nature and composition of the graywacke detri- 
tus is, that part of the original basin was sub- 
jected to a rapid subsidence, whereas another 
part was rising. In the subsiding part there would 
not be a hiatus, in the rising part there would be 
no Carboniferous and no graywacke deposition. 
On the contrary, as active erosion of the pre- 
ceding formation must have taken place, this 
part may have been eroded down to basement 
tock. The graywacke deposition is thus canni- 
balistic with regard to the rising part of the 
preceding basin. 


The onset of compressional forces postulated 
18 I am indebted to Dr. T. de Booy for the loan of 
his thinsections of rocks collected during the 1960 
excursion mentioned before. 


in a preceding section would provide the me- 
chanism necessary for the uplift of part of the 
basin. 

It is furcher to be noted that the rising part 
which supplied the detrital material is not a 
pre-existing borderland or ridge to the original 
basin, but that it forms part of it. 

Professor de Roever, on reading through my 
notes, points out that the situation as sketched 
here, provides an additional argument for shallow 
depth of deposition of the quartzite-volcanite 
complex, for how could radiolarite and associated 
rocks, if deposited in deep water, be raised so 
suddenly to supply the detritus for the gray- 
wackes. 

With the conditions envisaged, one would 
expect that somewhere, near the boundary 
between the subsiding part and the rising part, 
one would find a hiatus or even an angular un- 
conformity. Such an unconformity has been found 
in Curagao and it is noteworthy that in other 
parts of the island this unconformity could not 
be found. In the Rheinische Schiefergebirge 
(cf. Stille) there is a distinct angular unconform- 
ity at the base of the Carboniferous in the Lahn 
area, a less pronounced unconformity in the Dill 
area, perfect conformity in the Sauerland. 

The idea of a basin broken up into rising 
parts and subsiding parts, with turbidite depo- 
sition in the latter, is not new. Thus in California 
the pre-Pliocene sedimentation basin is broken 
up into a number of limited basins with raised 
ridges between (Natland & Kuenen). The same 
situation is to be assumed for some of the Flysch 
basins in the Alps. 

These basins are therefore „after-deeps”, but 
not in the sense of the post-tectonic troughs of 
Aubouin, for they do not contain molasse-type 
sediments, but turbidites. 


Flank supply of graywacke detritus. 

The situation as concluded is more in favour 
of a flank supply of the detritus than of a 
longitudinal supply, although a flank supply 
could naturally swing round into a longitudinal 
direction. In Portugal a flank supply is already 
indicated by the occurrence of intercalated 
conglomerates with well rounded pebbles, and by 
the occurrence of rubble-beds filling shallow 
scour-channels found near Mertola (unpublished 
observations of Mr. R. Elsinga). The turbidites, 
however, might have a different direction of 
transport. In view of the cannibalistic composition 
of the majority of their detritus, it seems more 
likely that they also derive from the flank in this 
case. 

In view of the importance of this argument 
for discussions of this nature, it is to be regretted 
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that it is so difficult, and often not possible at 
all, to get detailed information about the detritus 
of even the most classical examples of gray- 
wackes. 


Facies distribution of graywacke complex. 


Again it will be necessary to check whether 
the view of an ideal bicowple conforms to the 
situation in Portugal, this time with regard to 
the facies distribution in the graywacke complex. 
Fossils are somewhat less scarce than in the 
quartzite-volcanite complex, but still too scarce 
to study facies changes for each stratigraphic 
zone separately, as should be done. The analysis 
can therefore only be made in a general manner 
with danger of serious mistakes. In the Spanish 
part of the meseta proper, the Dinantian is partly 
in Kohlenkalk facies, partly in terrigenous facies 
(phyllites and graywackes) unconformably over- 
lying older formations (Lotze 1942, p. 250; 1945, 
p. 85, 86; Roso de Luna & Hernändez Pacheco). 
These facies are certainly not compatible with 
the idea that the meseta proper constitutes the 
true eugeosyncline. If my surmise that the meseta 
proper is separated from the Alemtejo-Huelva 
geosyncline by a major tectonic contact is cor- 
rect, these occurrences may not be relevant to our 
purpose. 

Within the Alemtejo-Huelva geosyncline 
there is, on the whole, little lateral change of 
facies in the Carboniferous. The intercalated 
conglomerates and rubble-beds are most frequent 
in a zone running through Aljustrel to Pomaräo, 
i.e. towards the northern side of the area. Going 
to the southwest, we find that graywacke de- 
position sets in later near Odemira, at least if 
my correlations are approximatively correct. Still 
further to the southwest, part of the sequence, 
including beds of Visean age, is replaced by a 
siltstone and siliceous siltstone and limestone 
facies of reduced thickness, again followed up- 
ward by graywackes (Feio & Lombard). This is 
the classical area of Bordaleite and Carrapateira, 
where fossils are more numerous. Here it has 
long been known that the Tournaisian, thought 
to be absent elsewhere, was present. According 
to Delepine only the upper Tournaisian has been 
demonstrated. There is considerable thrusting in 
this area (cf. Feio & Lombard, fig. 16), but it 
is not clear whether this is local thrusting, or 
whether there is a thrust-sheet of greater im- 
portance. 

Altogether this evidence suggests a derivation 
of the detritus from the north or northeast. 
Such few measurements of current-direction as 
have been made (R. Elsinga, unpublished data), 
are rather ambiguous, some pointing to currents 
directed to the southwest, some to the northeast, 
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The facies distribution of the graywacke com- 
plex may be compared with that of the Sauer- 
land. As shown to us by Dr. Teichmüller, Miss 
Dr. Paproth and Dr. Kulick during last year's 
excursion, there is from southeast to northwest 
the following sequence of facies: first a thick 
graywacke section with intercalated conglomera- 
tes, and with evidence of slumping; then a pelitic 
facies of reduced thickness; as observed during the 
excursion, calciturbidites come in towards the 
northwest. These calciturbidites were presumably 
derived from the northwest. Then, finally, one 
arrives at the shallow-water limestones of a 
bordering platform. The situation is represented 
in fig. 7 which has been adapted from fig. 11 of 
Paproth & Graulich, in order to allow for the 
presence of the calciturbidites.!® 

The facies distribution in Portugal would thus 
be similar, but only the first two zones would 
be represented, and the direction of change from 
northeast to southwest would correspond to the 
German succession from southeast to northwest. 
Again the evidence in Portugal points to the 
conclusion that the rising part of the original 
basin should be found in the northeast. The rising 
area, or source-land, may in part be represented 
by the zone of older formations between Beja 
and Mertola. However, this zone alone can not 
account for the total volume of graywacke 
detritus. Further to the north, the geosyncline is 
suddenly bounded by amphibolites and other 
metamorphic rocks. If this area is to be considered 
as part of the raised source-land, eroded down to 


16 Dr. T. de Booy informs me that, according to 
his study of thinsections of rocks collected during last 
year’s excursion, thin calciturbidites occur even further 
basinward than has been drawn in fig. 7, i.e. as far 
as the Bromberg quarry (see Paproth & Graulich). 
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basement, one should find the amphibolites as 
detritus in the graywackes. This is not the case. 
Perhaps amphibolites may be found as detritus 
in younger beds of the marine Carboniferous. 
Possibly, however, part of the source-land may 
lie hidden below the amphibolites, but here we 
enter the realm of pure conjecture. Much work is 
still to be done in order to settle this question. 


Reversed disposition. 


It remains to compare the general situation 
with the picture of the ideal geosyncline. The 
tectonization of both Southern Portugal and the 
Rheinische Schiefergebirge is intermediate: in- 
tensive but not with the violence of the Alps. 
There is some thrusting, but no piling-up of 
nappes. In southwest Portugal movement is 
predominantly directed towards the southwest. 
Thus both as regards the facies distribution of 
the Carboniferous, and the direction of movement, 
the cordilleran borderland, which should be on 
the oceanic side, would have to be found to the 
north, where the present meseta lies and where 
no Upper Devonian has been found and a marine 
Dinantian which has the wrong facies, at least 
in part. The foreland-continent thus would have 
to be sought where at present one finds the 
Atlantic ocean. This situation is compatible with 
Stille's idea of a Tiefkraton, but not with the 
notion of a continent growing through the suc- 
cessive addition of marginal geosynclines. The 
situation in Germany is symmetrical and equally 
incompatible with this view. 


Final remarks. 
Thus, finally, we have here a geosyncline 
which is intermediate between a eugeosyncline 


and a miogeosyncline, and which does not fit the 
classical picture in other respects either. 
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Fig. 7 — Diagrammatic cross-section through Carboniferous basin of the Sauerland. Adapted from 


fig. 11 of Paproth and Graulich, with allowance for the presence of calciturbidites. 
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Nevertheless it is a type of geosyncline which is 
not uncommon. It even remains to be seen which 
is the more frequent, the classical or the inter- 
mediate type. I have compared the Alemtejo- 
Huelva area with other areas with which I 
happen to be acquainted to some extent. Un- 
doubtediy my knowledge of these areas will be 
deficient in many important respects, and it is 
but to be expected that, in trying to make tlıese 
comparisons, I may have made errors. Even with 
tegard to the geology of Portugal and Huelva 
my knowledge is certainly deficient, as much 
work is still to be done. 


There are doubtless many other areas which 
could have been chosen for comparison. None of 
these will be exactly the same in all respects. I 
thus do not consider this type of geosyncline 
as a type, and definitely do not intend to invent 
a new name for it, as there are already too many 
terms. Also I do not wish to leave the impression 
that I have been criticising Aubouin. On the 
contrary, without his work, this address would 
not have been possible. I have only taken up his 
challenge for further discussion. I do feel, how- 
ever, that the idealised picture is too narrow, and 
that there is a danger that some may try to 
straightjacket facts into this picture. Have not 
many geologists tried to see the whole world in 
terms of the exceptional Alps? Could not there 
be cases where acid volcanics have been hushed 
up under the term ophiolite, simply because the 
ophiolites should be there, the acid rocks not? 

In our Society custom requires that there shall 
be no discussion after an anniversary address. 
Many a member in the audience today, will feel 
cheated by this custom. However, there will be 
ample opportunity for discussion when the 
printed text has been published. Of course the 
ideas proposed here may be wrong, and the con- 
clusions may have to be changed. However, if, 
during this hour, I have succeeded in provoking 
doubt and further thought, I will be content. 
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THE SKEW FREQUENCY-CURVE OF SOME ORE MINERALS 


ö F. P. AGTERBERG! 


ABSTRACT 


This paper deals with the following subjects: 


A- The theoretical meaning of the lognormal’ 


distribution of some ore minerals. 


B- The connection between sampling distance and 
frequency-curve. 


C- A discussion of the theory of de Wijs on the 
skew frequency-curves in ore assays. 


D- The variation of the mean concentration within 
an ore deposit. 


A- In statistics normal distribution often occurs. 
If x represents the concentration of a compo- 
nent in a certain rock, z = In x is sometimes 
normally distributed for this component. If we 
assume that the gradual addition of a certain 
constituent to a rock is proportional to its 
existing concentration, this lognormal distri- 
bution of x is to be expected. 


B- The mutual dependence of adjacent samples 
can be determined in an exact way by the deter- 
mination of correlation coefhicients. As this 
dependence gradually diminishes with the dis- 
tance we can introduce the concept of the inde- 
pendent cell distance. The size of an indepen- 
dent cell is defined in such a way that its devia- 
tion from the mean concentration of all samples 
together is only negligibly dependent on the 
concentration of the adjacent cells. If the ratio 
between independent celi distance and sampling 
distance is called a, we find that in the casea > 1 
the histogram resembles the curve of the log- 
normal distribution. In the case of stoping units 
with 2 < 1 another frequency-curve appears 
the shape of which can be approximated by a 
lognormal frequency-curve with a smaller dis- 
persion, as found by Krige. 


C- It is demonstrated that de Wijs’s theory of 
repeating division into halves of an ore deposit, 
while the parameter d remains constant, 1s not 
an explanation for the skew frequency-curves 
of ore minerals. If this d was constant, it 


1 Mineralogisch-Geologisch Instituut, Utrecht. 


would not mean that the distribution of the 
samples equals a lognormal or a logarithmic 
binomial curve, but only that the curve showing 
the variation of the mean concentration within 
the deposit would have a logarithmic binomial 
shape. The parameter d is used for an analysis 
of the logarithmic binomial distribution. 


D- Gramberg called attention to the variations of 
the mean concentration within an ore deposit. 
We propose to find this variation by means 
of Fourier analysis after a preliminary drawing 
of the variation curve by approximation. In 
this way the principle of a probably gradually 
varying mean is maintained. When the varia- 
tions of the mean are great, the skewness of the 
frequency-curve may be caused by the positive 
correlation between the mean concentration 
and the dispersion in a certain place. For the 
correlation coefhicient (r) probably holds r = 1. 
When the dispersion around the mean is about 
the same in all places of the deposit, we show 
that a lognormal distribution of the varying 
mean concentration is sometimes probable. 
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INTRODUCTION 


A distribution is called normal if the corres- 
ponding frequency-curve resembles the Gauss- 
curve with the formula 

M—x' 
1 1 


0) 


Bei} 


1) 


[02 
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with M being the mathematical expectation of 
the stochastic variable x, and o being the 
dispersion of x.? 

When x is normally distributed, 


ae) (3) 


is generally not normal. Kapteyn (1903) takes 
berries as an example. If we suppose that the 
diameters of ripe berries are normally distribu- 
ted, then their volumes are certainly not nor- 
mally distributed. If we call the diameters x 
and the volumes x, then the relation. 


| 
ar u (4) 


is operative. 
The equation of the distribution for z — /(x) 


is: 
IrN\ 
1 dF 4 z 
— B [03 (5) 
oV2n dx 


with M=MI[F()] aado=co[F(x)] (Kap- 
teyn, 1903, p. 16). And therefore in the example 
of the ripe berries: 


ne  [M—F\: 
Eu VENEN ne s {6} 
do 


In general the new distribution is a skew 
one, and Kapteyn was the first to develop the 
analysis of skew frequency-curves in biology 
and statistics. The method devolves on the 
determination of the relation x = F(x), where 
x is normally distributed. Kapteyn found that 
generally 


= 


J (6) 


ENTER R)E (7) 


with the constants %£ and q. The equation of 
the distribution is therefore: 

ne 
I — (8) 


ab 
ee ” 
oV2zn 


with the four unknown parameters o, M, %, 
and g. Kapteyn stated the methods for finding 
these four parameters of a given fistribution. 

In many cases q = 0), and therefore the analy- 
sis is simplified. Now the formula is: 


® If a collection of n samples, x, is given, we 


x, and o by 


i 
estimate M by X 27 
MA 


i 


/ 
| Z( Km)? (2) 


» 2 
1 1 23 . Zn el f 
ee % .e 10) (9) 
oV2n x +% 
(Kapteyn, 1903, p. 21). This distribution is _ 
called the logarithmic normal distribution or 
the lognormal distribution for x + £. Some 
formulas of the lognormal distribution are given 
in the following pages. The lognormal distri- 
bution is distinguished from the normal one by 
the fact that the exponent of a given constant 
is normally distributed, whereas in the case of 
normal distribution the value itself is normally 
distributed. 

In 1950 van T'ongeren showed the skew distri- 
bution of some ore deposits. He approximated 
the frequency curve by an aequilateral hyper- 
bola. Although this theory has been rejected in 
the literature we shall show that highly skew 
lognormal distributions may be approximated 
in this way. Suppose that the lognormal distri- 
bution is given by the equation: 


In x — In \ 2 
(0) ) (10) 


3 


1 19 2= 32 
oV2n * 


with n&=M (hx), ando = 
We further suppose 


o>|mx—MmE| 


I 
o (Inx). 


(11) 
Then 


In x — In 3) 


N 
2 
e = mecasl| 


(12) 
for x > and therefore 


1 
- (13) 
oV 27 


the equation of an aequilateral hyperbola. This 
A is the value of x for which the frequency- 
curve resembles with close accuracy an aequila- 
teral hyperbola if x > \.? 

De Wijs (1948) approximated the histogram 
of ore assays with a logarithmic binomial distri- 
bution.* A not too small number, , of assays, 
with an essentally lognormal distribution, may 
indeed be approximated by a logarithmic bi- 


xyQ2 


° This value A is introduced because in (10) y — 0 


for x = O and in (13) y = » for x = 0. Criteria for 
the accuracy of A are not given here, 

Condition (11) is only fulfilled in the neigh- 
bourhood of In &. We cannot state the deviations 
for the other values of x readily without cumber- 
some calculations. And therefore this derivation 
is not exact, it should only be considered as an 
attempt to give some theoretical background to the 
resemblance between some highly skew frequency- 
curves with aequilateral hyperbolas, as has been 
stated by van Tongeren. 
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ments are mixed in an ore-free matrix, thus 


bringing about a lognormal distribution of the 
ore concentration. 


 nomial distribution, because for »— the 
latter converges to the former. The working 
 hypothesis used by de Wijs for explaining the 
 skew distribution of ore assays is not a theore- 


| 
| 


tical explanation of the lognormal distribution 
that is caused by physico-chemical processes. 

Rasumovsky (1940) and later Krige (1951a and 
b) and Sichel established the lognormal distri- 
bution of several ore deposits. Ahrens (1953, 
1954a and b, 1957) placed the subject in the 
focus of the geochemical interest with a paper, 
in which he called the lognormal distribution 
of some minerals in some diabases and granites 
“a fundamental law of geochemistry”. These 
examples are so decisive that the lognormal 
distribution of some minerals is a well esta- 
blished fact. 

Vistelius (1960) has checked the goodness of 
fit of the observed frequency-curves and those 
calculated by formula (10) taking Pearson’s 
X-test. He found that (10) is not the right 
theoretical frequency-curve in all the cases of 
Ahrens and Rasumovsky that he checked. In 
some instances another skew frequency-curve 
occurs that is certainly not lognormal. Perhaps 
such curves may be approximated by Kapteyn’s 


Based. 
AN ATTEMPT AT AN EXPLANATION OF 


© THE LOGNORMAL DISTRIBUTION OF SOME 


ORE MINERALS. 


A recent survey of frequency-curves from 
many fields that resemble the lognormal fre- 
quency-curve is given by Aitchison and Brown 
(1957). Out of the many examples we shall 
select one. Kolmogoroff (1941) explains the oc- 
currence of lognormal distribution in ores bro- 
ken by artificial or natural processes. If breakage 
is applied to a number of ore fragments, the 
frequency-curve of the weights of these frag- 
ments, which originally were distributed at ran- 
dom will converge to lognormal frequency- 
curve. This theory possibly provides the ex- 
planation for the lognormal distribution of cer- 
tain ore deposits. Van Tongeren (1950) remarks 
that R. van Lier informed him (van Lier’s per- 
sonal communication) that his so-called “hyper- 
bolic distribution”, which we may call a very 
skew lognormal distribution, seems to occur 
in alluvial tin ores in Billiton. It is possible that 
in some cases lognormally distributed ore frag- 


4 De Wijs uses the term “binomial’, but this term 
in statistics is only used for the distribution men- 
tioned on p. 6 (see also Freudenthal, 1957, p. 30). 
In the following we shall see that the logarithmic 
binomial distribution converges to the lognormal 
one, as the binomial distribution does to the normal 


one, 


In this connection one also thinks of the gold 
Ores of Witwatersrand, the very skew lognormal 
distribution of which has been established by 
Krige (1951a and b) and Sichel (1952). Moreover, 
a good many authors consider these ores as 
placer deposits. The occurrence of the gold, 
however, contradicts this supposition for ex- 
plaining the lognormal distribution. The size 
of the goldgrains is a fairly constant one (0,07— 
0,1 mm, see e.g. Bateman, 1950), so that the 
lognormal distribution does not refer to the 
size of the grains but to the number of grains 
in a unit of volume. It is therefore possible 
that we have to look for an explanation in a 
geochemical (c.g. hydrothermal) direction, as 
has been tried further on in this paper for 
some certainly hydrothermal ore deposits. On 
the other hand, it remains possible that the 
lognormal distribution is caused by natural 
breakage, if the gold -has been recrystallized ‘to 
crystals of the same size. Such recrystallizations 
have been established ‚since the goldcrystals oc- 
cur in two or more generations (Bateman, 1950, 


p. 445). 


As examples of the lognormal distribution of 
hydrothermal ore deposits we mention a zinc 
deposit at Pulacayo in Bolivia (de Wijs, 1948), 
a zinc deposit at western Java (van Tongeren, 
1950) and a nickel deposit at Celebes (van Ton- 
geren, 1950). Also the distribution of tin in 
muscovite crystals (Ahrens, 1954) may be re- 
marked upon in this connection. 

We will now attempt to account for the oc- 
currence of the lognormal distribution for hy- 
drothermal ore deposits, and we shall follow 
in this relation the reasonable argumentation of 
Kapteyn (1902). 

In 1902 Kapteyn published the scheme of an 
apparatus for producing a frequency-curve, re- 
sembling the lognormal distribution, exactly 
as the famous instrument of Galton produces 
a histogram that resembles the Gauss-curve. 
This procedure irspired Hald (1957) to stretch 
metal bars in an imaginary way, but under such 
conditions that the lengths of the stretched bars 
are distributed according to a lognormal fre- 
quency-curve. This procedure can also be applied 
to the geological process of mineralization. It 
is supposed that mineralization is a gradually 
evolving process, whereby certain solutions 
permeate a rock, precipitating minerals in cer- 
tain places. In order to arrive at a lognormal 
distribution of these minerals we assume that 
at a certain point of time # the concentration of 
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ore is c in a number of places of the future ore 
deposit. During the time /\f a percentage rc. /\c 
is added by precipitation. It may further be 
assumed that the physico-chemical conditions 
in two different places of the future ore deposit 
are not the same, thus causing deviations from 
the new mean concentration: ce (1 + Ace). 
Suppose that in a certain place the deviation 
of Acis + e. Acand in another place — e. \r. 
We also assume that the probability of these 
deviations + &. Acand — e. Arc in both cases 
is 4. 
Therefore concentration: 
el+Ac)(l+e) 
Probability: 7 


During the following time At again Ac.c is 
added. In the two places where the concentra- 
tion atfirst wasc (1 + Ac) (l + e) wenow see: 


e(1+A ec) l—e) 
Ya 


Concentration: 
e(li+Ac)2(1-+e)? e(l+Ac% (I-He) 1—e) 
Probability: 1% 1% 


In four places we find at the point of time 
t+2\t and with a mean concentration 


elle Ace orz: 
Concentration: 9 1+8e% 5(l+e) (l—e) 
Probability: YA % 


es (lee). 
1 


Y, (14) 


and in & places after the time %. AZ, when the 
mean concentration is c (l + Ac)® or ex: 


Concentration: cp(l1+8)% cp (1+e)k-1 (1—e) 
Probability: (15)K (Y)R . k 
st + St? (1—e%..:. 
Bela) 
Ve, k 
sen 


(tl + 9885 (l—e)... 


* (7) 


( is a binomial coeflicient for which we can 
5 


ee &) " R(R—1)....(Rk—s+1) 


5! 


(15) 


(16) 


The probability of a certain concentration is 
therefore determined by the binomial coefh- 
cients. If these coeflicients are taken as the 
ordinates along an x-axis with a constant inter- 
val, the drawable curve resembles a Gauss- 
curve. This distribution is called the binomial 
one. We have already remarked that the curve 
can be proved to converge to the Gauss-curve 
for ko. 

Our mode of representing is t00o much sim- 
plified. It is more correct to say that the proba- 


bility of the deviation +8. Nr is b and the 
probability of the deviation — e. Arc is q with 
p+g=1. This case is more general than 
p=g=1H4, which has been under discussion. 
After the time £. A? the probability of a 
concentration cr (1 — e)k=# (1 — &)$ is now 


la: (17) 


This distribution also converges to the normal 
one (see e.g. Freudenthal, 1957, p. 72). 

Still more general is the expanded theorem 
of de Moivre, including that a frequency-curve 
resembles a Gauss-curve if the causes of dis- 
persion are: 


a. numerous, 
b. independent of one another, 


c. such that every cause of dispersion has an 
effect that is small compared to the effect 
of all causes together (see e.g. Kapteyn, 
1902, p. 8 and Freudenthal, 1957, p. 78). 


As appears from the frequent occurrence in 
statistics of Gauss-curves and curves which are 
derived from Gauss-curves, according to the 
relation (3), these three conditions are frequently 
realized. 

In the preceding we took the binomial coef- 
fiıcients as ordinates with a constant interval 
along an x-axis. But we may determine the 
relation between a concentration and its prob- 
ability of occurrence. This frequency-curve 
converges to the lognormal distribution, as is 
easily seen since the logs of the concentrations 
are then normally distributed. The constant 
interval along the x-axis is: 


In [er (1 + eyE-(stD , (1 —e)stH1] — 


I 

= A N 
In [cx (14 e)k=8 (1—e)s] in 3% 
According to the foregoing considerations, 
the skewness of the frequency-curves of mineral 
concentrations may therefore have a physico- 
chemical cause. We assumed that the lognormal 
distribution in the case of hydrothermal ore 
deposits has been caused by the law of multi- 
plication, including the condition that the ad- 
dition of ore is proportional to the existing ore 
concentration. We may inquire after some 
physico-chemical indications that this law of 
multiplication is applicable. Suppose that the 
deviations in the average concentration of an 
ore deposit are due to numerous local differences 
of the physico-chemical circumstances. This hy- 
pothesis comprises that a homogeneous rock 
would be mineralized homogeneously. In an 
inhomogeneous rock e.g. there may be differen- 


(18) 


a 


‚ces in porosity. If a solution permeates into 


this rock, relatively more solution will soak into 


the porous places and if the inclination for 


- precipitation in all places is the same, the addi- 


tion of concentration is proportional to porosity. 

It is clear that addition of ore changes the 
composition of the rock. Ore accumulation is, 
in the case of porosity differences, proportional 
to the porosity. Only when the addition is small 
in comparison with the volume to be filled, 
may it be called proportional to the existing 
concentration. In this way a theoretical limit of 
ore concentration is reached. This statement 
implies that the lognormal distribution always 
remains an approximation, since its real graph 
approach the x-axis asymptotically. 

The smaller the occurring concentrations, the 
better the lognormal distribution is approxi- 
mated. Reasoning from a mathematical point of 
view already Aubrey (1955) arrived at such a 
conclusion in his criticism of Ahren’s papers 
(1954). 

In the foregoing example the rock was sup- 
posed to be mineralized passively with an already 
available porosity. It is clear that we can take 
other examples of factors which may be of 
importance besides, or instead of, the porosity. 
For instance the base-exchange and metaso- 
matism where replacement occurs instead of 
filling up. The principle of proportionallity may 
be expected here too, since in some places in 
consequence of local factors initially easier re- 
placement will occur. For the next amounts of 
solution the replacement at these same places will 
still be easier and approximately proportional. 

The preceding suggestions are not clear-cut 
and they should only be considered as a pre- 
liminary indication of this new direction of 
research. 

We have already mentioned that Kolmogoroff 
used the theory of breakage to explain the 
occurrence of the lognormal distribution. Ma- 
theron (1955) and Vistelius (1960) also applied 
the scheme of Kapteyn to the skew distributions 
of some minerals. 


THE CONNECTION BETWEEN SAMPLING 

DISTANCE AND FREQUENCY-CURVE WITH 

A DISCUSSION OF DE WI1JS’S THEORY ON 

THE SKEWNESS OF THE FREQUENCY- 
CURVE IN ORE ASSAYS. 


The preceding considerations do not conform 
with the theory of de Wijs (1948, 1951 and 
1953) which suggests that the distribution of 
the assay values is a logarithmic binomial one 
in consequence of the repeatedly dividing into 
halves of an ore deposit. Before tackling this 
problem in an exact way, we already can make 
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the following considerations. De Wijs supposes 
that when a part with concentration c is split 
equal parts, these parts have the concentrations 
(1 ie d).c and (1 —d).c. But the interesting 
point of lognormal distribution is that the mean 
concentration is equal in both parts of the ore 
deposit, because the deposit is homogeneous, 
apart from local deviations from the mean, the 
probability of which, is given by the frequency- 
curve of the deposit. 

We further state that the theory of de Wijs 
includes a constant sampling distance as a ne- 
cessity. However, the fact that spacing of the 
samples at random also produces a lognormal 
frequency-curve refutes this theory, On this 
point we may cite de Wijs himself (1951, p. 375): 
“On the other hand it is remarkable that 
irregular and discontinuous spacirg, of the sam- 
ples does, in general, not impair a close fit 
with the theoretical binomial distribution”. 

If an ore deposit is divided into halves hap- 
hazardly, both halves will have the same con- 
centration when the number of the samples is 
infinite. According to the dependence of adja- 
cent samples only a limited number of samples 
can be taken in an ore deposit. And if we split 
the limited series of sampling values into two 
halves, then a slight deviation from the total 
mean concentration of both halves together will 
occur. But this deviation is not given by the for- 
mula of the Wijs (formula 35) but by formula 
(39) of Krige, as we shall show further on. 

Krige (195la and b) approximated the fre- 
quency-curves of collections of samples with 
new lognormal distributions and his stoping 
unit-histograms are therefore totally different 
from those of de Wijs. We shall discuss this 
difference later. 

We take the problem of the dependence of 
adjacent samples first. De Wijs already mentioned 
this dependence qualitatively. Gramberg (1958) 
was the first to tackle this problem in a more 
quantitative way by determining the mutual 
correlation of adjacent samples and by propos- 
ing to use Shewhart’s method of runs above 
and below the median (Hald, 1957, chapter 13). 

Table I shows the concentration in per cents 
of 118 zinc assays of the ore body of Pulacayo 
in Bolivia, taken from de Wijs (1951). These 
samples have been taken along a straight line 
with an interval of 2 meters. In this paper we 
again take this deposit as an example. 

The correlation coefficient between two series 
of values is defined as: 


n 
1/n & (x: . 9) 
i-1 


o(x)..0(Y) 


(19) 
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with x; and y; being the deviations from the 
mean of the two series at place 7. 'T'he supposed 
dependence between adjacenitt samples can be 
checked by the determination of r.? This r 


varies from (0, in the case of independent series, 


to 1 when the dependence is complete. "The 
author determined r between samples with a 
different interval. The adjacent samples show a 
correlation coefficient of 0,47 which is very 
great. If an interval of 5 samples is taken and 
therefore the value of sample 1 is multiplied 
by the value of sample 6, etc. , r = 0,19 and 
if the interval is 10, r = 0,04. We may therefore 
conclude that the greater the distance between 
the samples (or the sampling distance), the 
smaller is r. The question now arises, what 
is the connection between sampling distance 
and frequency-curve. We can solve this problem 
for simplified cases by introducing the concept 
of the independent cell distance. The size of 
an independent cell is defined in such a way 
that its deviation from the mean concentration 
of the whole deposit is only negligibly depen- 
dent on the concentrations of its adjacent cells.® 

Gramberg (1958) called attention to the mutual 
dependence of adjacent samples and therefore 
he stated the difficulties for a statistical approach 
of the problem. He does not pay attention to 
the frequency-cutve of all samples together. 
But figure 5 of de Wijs (1951) clearly shows 
the lognormal character of this frequency-curve. 
In this figure the graph have been drawn on 
logarithmie probability paper which is capable 


of representing a lognormal distribution as a 


5 Gramberg (1958) has used r as we have done. 
In the literature e.g. Matheron (1955) uses r for 
determining the relation between the assays of two 
different ore minerals in the same deposit. 


IE (Dd 
/3 BES 
Ba) — V=: 
n 


this dispersion of a population of samples is not 
the same as the dispersion of the stochastic variable 
which is estimated by (2). The connection is 


Ela). je 


(20) 


(21) 


° The conception of an independent cell distance 


can also be applied to other fields of statistical 
research, e.g. planes of schistosity and axes of minor 
folds in certain regions show a two-dimensional 
normal distribution around their mean (Agterberg, 
1959). In a certain outcrop, however, mostly one 
single orientation of these tectonical elements Occurs 
and one may therefore conclude that the dimensions 
of the outerop are under the independent cell 
distance. Statistical checking by means of correlation 
coefhicients is also possible in this case. 


straight line. The conformity of the graph with 
such a line may be called excellent (see also note 
on p. 157). It has thus been proved that a depen- 
dence of the samples is not plainly contrary to 
the lognormal character of the distribution. 
Suppose that » samples are taken along a 
straight line in an ore deposit with length /. 
The distance between two adjacent samples or 


the sampling distance then equals We are 
able to vary the sampling distance by multiples 


JE, : 
of - by leaving out intermediate samples. 
n 


We further assume that the sampling distance 


er is smaller than the independent cell distance 
n 


12 5 3 
being a. —. We thus take a > 1. While bearing 
n 


in mind the conception of the independent cell 
distance we, formalyzing, can change the deposit 
into a collection of adjacent celis with length 


IE, h : 
a. which all have a constant concentration. 
n 


These concentrations deviate from the mean 
concentration of the whole deposit, but the 
deviations of adjacent cells are independent. The 
correlation coeflicient of these deviations is 
therefore about zero. 

Every independent cell contains a samples 
and these samples have the same concentration. 
Al (») samples together are collected in a his- 
togram where observed frequencies are repre- 
sented by areas. The magnitude of such a 
rectangular arca equals the number of values 
that are between the boundaries of the chosen 
class interval which is the base of the area. In 
the case a = 1 this histogram resembles the 
lognormal frequency-curve. In the case a > 1, 
and to this case our example of » samples be- 
longs, the histogram remains the same because 
all magnitudes are only a times exaggerated. 
We again see a lognormal frequency-curve with 
the same dispersion. 

The problem is, however, strongly simplified, 
since we assumed that within an independent 
cell all samples have the same concentration. 
But our conclusion does not change when we 
assume that the concentration between two 


eb 


independent samples with an interval of a.- 
n 


varies linearly so that a sample being half-way 
these two independent samples has a concen- 
tration equal to the mean of both samples. 

In the case a — 2 we have twice as many 
samples as in the case a = 1 and these samples 
can now readily be calculated. As has been re- 
marked, they equal the mean of their adjacent 
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TABLEI 
Pulacayo, zinc assays of 118 samples after de Wijs (1951, p. 369). 
Sampleno.  Zinc von Sample ON Zieh Sampleno. Zinc %, Sample no. Zine % 
u =: —u- en 2 — k 2 ° 
DEREN er BER 
1 127 34 11,4 67 8,9 100 22,6 
5 28 5 6,4 68 6,7 101 16.2 
: 3.5 36 11,0 69 7 102 22.9 
4 52 37 11,4 70 9,7 103 36.9 
5 a 38 14,1 71 10,8 104 23,5 
6 102 3 20,9 1 17,9 105 18,5 
7 12,4 wm 10,6 73 10,9 106 16.4 
B 15,8 ji 15,3 74 13,7 107 17.9 
° 20,8 iR 24,0 75 22,3 108 18,5 
10 2 » 25 76 10,2 109 13,6 
1 147 jr 7,8 77 5,1 110 7,9 
12 21,6 9,9 78 13,9 111 31.9 
er te 
15 35°4 48 191 81 14 39 
16 123 49 131 82 35 15 37 
5 { 6,5 
" 179 50 27.4 83 65 1 16 2: 
12 18 51 15.2 84 10.6 117 27,6 
5 HN 52 12.2 85 10.6 118 17.3 
20 ; 53 10.1 86 23.0 ; 
a 15.6 54 1285 87 21.8 
22 9,3 55 16,7 88 32,8 
8,1 56 18.6 89 30.2 
24 135 57 6.0 90 30,8 
25 30.2 58 10,6 91 33,7 
26 29,1 59 11,3 92 26,5 
27 7,4 60 4,7 93 39,3 
28 12,3 61 10,9 94 24,5 
29 13,6 62 6,0 95 24,9 
30 9,5 63 73 96 23.2 
31 13,1 64 5,6 97 16,0 
32 27,4 65 8.9 98 20,9 
33 8.8 66 5,8 99 10,3 


samples. This second image of the deposit 
seems a more correct approximation than our 
first one. If a = 2, the correlation coeficient 
between adjacent samples is 4.7 


” Let the series of independent sample values be 


RENNER er ps 
with xx +xg9X3+..... t xXnıxXntxXnx%=0 (22) 


and therefore r = O. 
In the case z = 2 the series becomes: 


„Xıt% X tx i 
N 2 5 2 ERTL ee? Sg 
with 
Um xx tx Kotx 
ra ren > ?,Xxg4+%g or 
Km 
une) (23) 
therefore 
Im x 
= — By x 2 — 1% (24) 
P0= ne 
because 
n 
= In & DIE (20) 


The variation of the concentration is now 
given by a number of broken lines connecting 
the independent sample values of the case a = 1 
In reality, however, this line will show a sinuous 
course. If the independent cell distance exists 
it will mean that we can take a sample at an 
arbitrary place of the deposit and say that it is 


independent of all samples at the distance a. 
Further the samples at a distance a. 2 have to 
n 


show a difference with our starting sample about 
equal to the half difference which it has with 
the samples at the distance a. Then the second 
image is still a right approximation. It is em- 
phasized that the problem is simplified, since 
we implicitely assumed that within the inde- 
pendent cell complete dependence exists and this 
is only the case if all cells have a fixed position 
in the deposit, whereas the variation curve is 
composed by a number of broken lines as in 
our second image. Applying the theory of the 
correlation coeficients we can check the value 
of our approximation because in the casea =1, 
r =0andinthecasea=2,r =}. In the zinc 
deposit of Pulacayo the correlation coefhcient 
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of adjacent samples is about 0,5. If our second 
image is a right approximation we are able to 
say that a — 2. But if we calculate the correlation 
coefficient in the case a = 1, it appears to be 
greater than 0. Therefore the dependance in 
the real deposit diminishes somewhat more 
slightly than required by our concepts of a li- 
nearly diminishing dependence. We can now 
take other images where the dependence does 
not diminish linearly and also check these images 
by means of correlation coeflicients. But the 
example of Pulacayo does not lend itself to such 
an exact analysis, because the correlation coef- 


ficient varies within the deposit as we shall see - 


further on. 

In reality, in the case a > 1, a lognorma?l dis- 
tribution will appear to have a dispersion that 
is somewhat greater than in the case a = 1. If 
we assume that in allthe cases a > 1 about the 
same frequency-curves appear, a simple method 
can be developed for determining the value a 
and therefore the independent cell distance. It 
is our second method because we are able to 
calculate z by means of correlation coefhicients. 

A stoping unit is a part of an ore deposit and 
it contains therefore a number of samples. We 

n 


b 


now compose a histogram of  stoping units 


with stoping unit distance ee When the 
n 


frequency-curve now shows the same shape as 
in the case b =1, we know 5b > a. If the new 
frequency-cutve shows a smaller dispersion ac- 
cording to formula (39) we know b >a, and 
in this way we can determine a as exactly as 
wanted. 

In a homogeneous ore deposit the indepen- 
dent cell distance will not vary. If in reality 
substantial variations do occur the present line 
of reasoning can not be followed. The variation 
of r in the zine deposit of Pulacayo can be 
proved as follows. The mean value of the sam- 
ples 1—65 is 14,31 %. The deviations from this 
mean can be calculated (see table IT) and by 
formula (19) r is found. It appears that r — 0,18. 
This value is inferior to the value of all samples 
together which is equal to 0,47. The now resul- 
ting greater dependence of the adjacent samples 
66—118 is also clearly demonstrated by Skew- 
hard’s method of runs above and below the 
median, proposed by Gramberg (1958). In the 
surroundings of sample 60, 15 samples are below 
the median and in the surroundings of sample 
90, 13 samples are. In the case of an arbitrary 
arrangement of the samples a similar situation 
is very improbable. This statement means that 
in our present example we unfortunately cannot 


check very exactly the foregoing considerations. 


Let us now consider the case a<1. This 


case is of economic importance, since the ex- 


ploitation of the ore deposit will take place £ 


by means of stoping units. If the independent 
cell distance is known the determination of the 
shape of the frequency-curve of the stoping 


units is possible by means of the formula (39) 3 


used by Krige. 

We now consider the method developed by 
de Wijs in 1948, approximating the lognormal 
distribution of the case a = 1 by a logarithmic 


binomial distribution. If a number of samples 


shows logarithmic binomial distribution he 
draws up a hypothesis on the origin of this 
distribution, which, however, results in a for- 
mula that contradicts the formula of Krige. 

De Wijs reasones as follows. Take an ore 
deposit with the mean concentration M and 
divide this body haphazardly into two halves 
next split up both’ halves in the same way, etc. 
Suppose ‚that after & divisions the logarithmic 
binomial distribution is reached with which we 
had approximated the » samples. If at every 
division a part with concentration c is split up 
into parts with concentration (1 + d).c and 


(1—d).c respectively, then (7) of our » = 2% 
samples have a concentration equal to 
MA +des.(1—d)s (25) 


With the constant d we can determine the 
logarithmic binomial distribution of stoping 
units. d is determined in the following way: 
Two adjacent samples with the concentrations 
n and cn+1 are the halves of a part with concen- 
Cm + En+ı 


2 


tration 


Now: 


ae (1 e ci) » 27 a & 


& nt = (A ei) En nn 


where c, and „+1 may be changed. Therefore 


(26) 


7 2 |in — Cn+1l 
nt En+1 


and when dis the mean d’: 
SEN Mean successive difference d ei 
— oM (de Wijs, 1953, 
p- 14, form. 6). It is also possible to calculate d 
from the dispersion o (x). The value d can 
therefore be used to describe a logarithmic 
binomial distribution, and we also shall utilize 
it for the following analysis of this distribution. 
But it is already emphasized that de Wijs’s 


27) 


@ a Fee U RE h 
- u ’ F . 

x 

> 


supposition that d remains the same during the 
 repeatedly dividing into halves of the ore depo- 
sit, is not right. 
We shall repeat some formulas of the log- 
' normal distribution first. 
 1o(x) = dispersion of x 
o (in x) = dispersion of In x 
M = mean x 
u = median of x 
and /n& = mean /nx, the equation of the log- 
normal distribution can be written as: 


1 rc = In | 
EEE TS BI o (In x) (10) 
There are also the relations 

ER FRA) 
ouy)2 (29) 
(Hald, 1957, p. 164), 
2 () 2 (] 
1 Se AL EEE REN 
E 2 
(Hald, p. 165) and 
nu=IE 31) 


(Hald. p. 161). 

o(x) and o (Inx) can therefore easily be cal- 
culated from the mean and the median.® 
For the logarithmic binomial distribution we 
have 


ame +n-na-a © 


(de Wijs, 1948, p. 69), and after expansion into 
series: 

& RD 

/ — — +... 33 
(x) ee 33) 
Therefore o (Inx) 2 d Vk (34), when d is small, 
and this holds generally (de Wijs, 1948, p. 65). 
When the number of samples is great, so that 
the logarithmic binomial distribution resembles 
a lognormal one, the formulas (29), (30), and 
(31) can be applied. Applying (29) to (34) we see 


oc) M.d.Vk (35) 


(de Wijs, 1948, p. 73). But when % is small the 
conditions for the holding of (29) (see Hald, 
p- 107, p. 164) have to be proved. 

The formulas (30) and (31) hold also for the 
logarithmic binomial distribution when % is 
small, as may be proved here. 

The relation 


1) 


DE Ne 


is apparent. 
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Now 
“=(1 + dk (1 — d)kı, M (36) 
and therefore 
nu=klin1 —d) + mM (32 


We see 


N A a BEN: 
AR malen OR 3 +. a, .d? (38) 


After eliminating d by means of (34) this gives 
Mo? (x) 


In 
& 2 


(30) 
After this analysis we will see how de Wijs 
used the parameter d. We emphasize that a 
certain sample is independent of its adjacent 
samples, when the sampling distance is greater 
than the independent cell distance. De Wijs 
(1948, p. 63) calculates d by comparison of 
adjacent samples. In the case of Pulacayo this 
method is not correct since adjacent samples 
depend on one another. We therefore would 
propose to determine in the first place the 
independent cell distance and next the constant 
d by comparison of all sample values. We there- 
fore would change the formula (28) of de Wijs in 
1 Mean difference 
= 2M 

not correct. The only method for determining 
d by comparison of adjacent samples would be 
to arrange all samples in a series that resembles 
the logarithmic binomial distribution. Now for- 
mula (28) holds. This arrangement, however, 
never occurs in an ore deposit. 

The value d can only be used to describe a 
logarithmic binomial distribution and it can be 
expressed in the values M, o, and & according 
to (35). This statement is very important be- 
cause we can now solve the discrepancy between 
the stoping unit histograms of Krige and de Wijs. 

Krige (1950) applied the theory of statistics 
for calculating the dispersion of stoping unit 
histograms. When every unit contains s (= 2?) 
samples of a collection of » (= 2%) samples with 
dispersion o, then the dispersion of the units 


. But also this formula is 


a (39) 


Vs 
(For the mathematical proof see e.g. Freuden- 
thal, 1957). 2Krige found. that the new 'fre- 
quency-curve of the units resembles a lognormal 


ORS. 
According to (35): 


0) 
0 = 


DM d* VAk-p. (40) 


5 
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The parameter d* of the new frequency-curve 
is therefore 


Der 1 
BEE 


and not d* — d, as was supposed by de Wijs. 
De Wijs assumed that the theory by means of 
which he introduced the parameter d for a 
logarithmic distribution would be a mode for 
calculating the shape of the histogram of com- 
bined samples. This would, however, only be 
true if the samples 


...M(1 + dee (1 — d)s{l, 
M(1 + ds (1 —a)s, 
M( + dyk-etD (1 — dyH,... 


were next to one another in the ore deposit. Here 
really d* = d would hold. But this sequence 
certainly does not exist. 

In the above case it would mean that the 
distribution of the samples equals a lognormal 
or a logarithmic binomial one, but only that 
the curve, showing the variation of the mean 
within the deposit would have a logarithmic 
binomial shape. 

We must state the same objections against 
Matheron (1955 and 1957) who also assumes 
that the parameter d remains the same during 
the repeatedly dividing into halves of a part 
of an ore deposit. Instead we have seen that 
Krige’s theory has to be applied in the problem 
of composing stoping unit histograms. 


d* (41) 


THE VARIATIONS IN THE MEAN CONCEN- 
TRATION WITHIN AN ORE DEPOSIT 


Gramberg’s fig. 1a (1958) gives the graph 
of the values of our table I, in this way showing 
the variation of the concentration within the 
zinc deposit of Pulacayo. From this graph it 
may be concluded, as Gramberg did, that the 
mean mineralization of this ore deposit pro- 
bably has not been the same in all places. Gram- 
berg approximates this variation by splitting 
the series of samples into parts with their own 
mean and dispersion. This includes the approxi- 
mation of a sinuous line by a number of broken 
straight lines. However, it is probable that the 
mean concentration will only vary gradually 
within an ore deposit. Therefore it seems more 
reasonable to approximate this sinuous variation 
of the mean by means of Foutier analysis, as 
we shall try to do further on. 

If these variations of the mean are great the 
resemblance between the observed frequency- 
curve and the curve of a lognormal distribution 
will, in general, not occur. Deviations in the 
mean imply that the frequency-curve of the 


whole deposit is the sum of a number of log- 
normal curves. 

Krige (1951) has proven that the sum of log- 
normal distributions with means varying log- 
normally, but with the same dispersion again 
equals a lognormal distribution with a greater 
dispersion than the local lognoımal distributions. 
In this way the principle of lognormal distri- 
bution in ore deposits is maintained in two 
ways since also in a certain place the samples 
show a lognormal distribution around the mean 
concentration, as this mean itself varies log- 
normally within the deposit. 

The results of the zinc deposit of Pulacayo 
appear to confirm this statement, because we 
determined a dispersion of about 9 %, by means 
of logarithmic probability paper (see note on 
p. 157). On the other hand, having largely 
eliminated the variation of the mean, we shall 
calculate a dispersion of about 6 %, around the 
mean in a certain place. According to Krige 
(1951) we conclude that the dispersion of the 
mean from place to place within the deposit is 
about 3 %, being the difference of the just 
mentioned dispersions. 

This theorem can only be applied when the 
dispersion remains the same notwithstanding 
the variation of the mean concentration. But ac- 
cording to the hypothesis exposed on p. 151 etc. 
(15), we may expect that the dispersion grows 
when the mean becomes greater. We can cal- 
culate this relation for the scheme for explaining 
the logarithmie binomial distribution as follows. 

Combining (15) and (35) we find 


rHRe.y Ver (42) 


and therefore 


Oxkıı 2 E.Ckıı Vk +1 


(#3) 
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On logarithmic probability paper the frequency- 
curve of the zinc deposit of Pulacayo resembles a 
straight line (de Wijs, 1951, fig. 5). We read: 
&= 13,4%, and /n &-0 (Inx) = In 7,6 (for the reading 
of these values, sce e.g. Hald, 1957). 

Therefore o(/Inx) = 0,565. From (30) follows 
M = 15,9 %, and from (29), o (x) = 8,98 %. 

This value of about 9%, is greater than the dis- 
persion of 8,01 %, estimated by means of the for- 
mula (2). This difference is caused by some high 
percentages that are to the left of the straight line 
on the logarithmic probability paper. We consider 
such a line as the best approximation of the log- 
normal frequency-curve, because these deviations 
of the high concentrations may be expected. We 
have already stated that the concentration has a 
theoretical maximum of 100 %, (or less), whereas 
the lognormal frequency-curve approaches the x- 
axis asymptotically (p. 153) and therefore high con- 
centrations may be below the frequency-curve and 
cause a diminution of the dispersion of all samples 
together. 


Now 


ee % ar (44) 
Ck v2 
and because 
y* u (45) 
12 
: 081 2 0%. En (46) 
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This statement means that the relation between 
the mean and the dispersion is about linear. The 
correlation coefficient between mean and cor- 
tesponding dispersion then equals 1. The author 
has not found the mathematical proof that this 
relation holds in the most general scheme that 
is based on the expanded theorem of de Moivre 
(sceip:#152). 

Vistelius (1960) remarks that the variability 


of the mean values and dispersions may have’ 


a linear positive correlation and that now in 
the conditions of the central-limit theorem a 
skew frequency-curve may appear. He calcu- 
lates this relation coefhicient for the P,O,- con- 
centration in the granites of the whole world 
which contain more than 60 %, SiO,. It isr = 
0,56. This example, however, does not concern 
the varying mean concentration within a single 
rock, but of several rocks. The author calculated 
the relation between mean and dispersion of 
Gramberg’s groups within the deposit cf Pula- 
cayo at r — 0,55. This value is of little impor- 
tance, because the number of the groups is 
only 7. Moreover, the variation of the mean 
is small and from a theoretical pount of view 
we may therefore expect that the dispersion is 
small too. This supposition is not contradicted 
by a rough comparison between the variation 
curve drawn by approximation and the devia- 
tions of the single values from this curve. We 
therefore still assume that the lognormal cha- 
racter of the variation of the mean enlarges 
the dispersion from 6 % at a certain place to 
9%, in the whole deposit. 

Gramberg gives in his paper (1958) another 
example of samples within an ore deposit he 
has collected into groups. Here the variation 
of the mean of these groups is very significant 
and also the variation of their dispersions. 
Gramberg already stated that the dispersion is 
greater in proportion as the mean is greater 
(personal information). The author calculated 
r = 0,97 between mean and dispersion of 15 
groups of 200 samples. The deviation from the 
theoretical r = 1 is not significant. It is clear 
that the skew frequency-curve of this ore depo- 
sit is caused by its strongly varying mean with 
its varying dispersion. 
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The drawing of a variation curve of the mean 
ore concentration is very difficult, because the 
deviations hinder a clear insight as is shown 
below. Drawing this curve through our example 
of a zinc deposit of Pulacayo from sample 1 to 
sample 65, we notice that it resembles a sinoid 
with a period of about 36 samples and its first 
mode at sample 11. This first maximum reaches 
about 18 %. The first minimum of about 11 %, 
seems to be situated at sample 32. The second 
maximum of ca 17% at sample 47 and the 
second minimum of ca 7 %, at sample 65. From 
sample 66—118 the curve varies rather arbitrar- 
ily and therefore we shall confine considerations 
of our example of a Fourrier analysis to the 
samples 1—65. 

Mention has already been made of the mean 
concentration of sample 1—65 being 14,31 %, 
and it is therefore somewhat less than the mean 
value of all samples together. It is clear that a 
possible variation of the mean has to be small 
because the correlation coefhicient of adjacent 
samples is only 0,18. 

Table II gives the deviations from the mean 
value 14,31 %. The dispersion is estimated by 
s = 6,13 %. This value is smaller than the dis- 
persion of the total deposit, estimated by s — 
8,01 %. It is clear that a dispersion of the mean 
enlarges the dispersion ofa collection of samples. 
After a rough Fourier analysis we shall have 
to remove the influence of this dispersion of the 
mean in the first 65 samples. In table II the 
second column gives the deviation, z, from the 
mean. We shall approximate the variation of the 
mean concentration by the curve 


DIE a... 0, (47) 
with a period of 36 samples and its first maximum 
at sample 11. This 6 is given by column 3, 
column 4 gives sin 9 and column 5 i. sin 0. 
The Fourier analysis informs us on the coef- 
ficient a: 


2% 65 
BERN DR 
! Sa 0 1 N ir. sin0, (48) 
R k=1 


Mieı ealeulate 22 72729: 


It is interesting to compare this value with 
the value we obtained by our first approximation 
ofthe curve. This value equals the half difference 
of the mean of the two estimated maxima, and 
the mean of the two estimated minima, or 
about 4,25 %,. So the estimation appears to be 
too high. 

Column 6 gives the value of the variation of 
the mean, approximated by the formula y = 2,77 
sin 09. The exact proof that ours, as a close 
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TABLE II. 
Example of a rough Fourier-analysis of the zinc assays of the first 65 samples of the deposit of Pulacayo. 
Sample no. i 0 sin 0 isin O 2,77 sin 0 % 
1 3,4 350 —0,174 — 0,59 —0,5 3,9 
2 3,5 360 0,000 0,00 0 3,5 
3 BEN: 10 0,174 —0,84 0,5 —5,3 
4 ze] 20 0,342 El 1,0 107 
5 7402 30 0,500 a) 1,4 —11,6 
6 4,9 40 0,643 3,15 1,8 3,1 
7 ei) 50 0,766 —1,46 ZA =0 
8 1,5 60 0,866 1,30 2,4 we) 
D) 6,5 70 0,940 6,11 2,6 3,9 
10 9,8 80 0,985 9,65 0 7A 
11 0,4 90 1,000 0,40 DB aa 
12 73 100 0,985 7,19 DET 4,6 
13 15 110 0,940 14 2,6 4% 
14 un 120 0,866 2.08 2,4 —A8 
15 2 130 0,766 16,16 DA 19,0 
16 =D 140 0,643 0 1,8 —3,8 
17 0,6 150 0,500 0,30 1,4 08 
18 5,3 160 0,342 1,81 1,0 4,3 
19 7 170 0,174 — 0,64 0,5 42 
20 0,8 180 0,000 0,00 0 0,8 
21 13 190 Ta —0,23 0,5 1,8 
22 N 200 —0,342 1,71 4,0 —4,0 
23 62 210 —0,500 3,10 44 48 
24 8 220 —0,643 0,51 Be) 1,0 
25 15,9 230 —0,766 1216 941 18,0 
26 14,8 240 — 0,866 RR DA 172 
27 —6,9 250 —0,940 6,49 226 —4,3 
28 2,0 260 —0,985 1,97 N) 0,7 
29 97 270 — 1,000 0,70 Bu: a 
30 EeiB 280 —0,985 4,73 237 et 
31 Ne) 290 —0,940 1,13 N: 1,4 
32 13,1 300 —0,866 — 11,35 34 15,5 
33 5,5 310 —0,766 4,21 ot eh 
34 2 320 —0,643 1,86 18 14 
35 u 330 —0,500 3,95 = 14 —6,5 
36 2 340 =,342 1 10 eg 
37 290 350 —0,174 0,51 —0,5 9 
38 02 360 0,000 0,00 0 02 
39 6,6 10 0,174 1,15 0,5 6,1 
40 ER, 20 0,342 127 1,0 IR 
41 1,0 30 0,500 0,50 1,4 —0,4 
42 9,7 40 0,643 6,24 u 7,9 
43 2) 50 0,766 [53 DA a 
44 rn 60 0,866 5,63 2,4 er) 
45 244 70 0,940 —4,14 2,6 —0 
46 6,4 80 0,985 6,30 27 3,7 
47 10,7 90 1,000 10,70 2,8 7,9 
48 4,8 100 0,985 4,73 2,7 2,1 
49 212 110 0,940 = 2,6 3,8 
50 13,1 120 0,866 11,34 2,4 10,7 
51 0,9 130 0,766 0,69 34 270 
52 ee 140 0,643 35 8 es 
53 242 150 0,500 40 1,4 —5,6 
54 Be) 160 0,342 —0,68 1,0 RN) 
55 2,4 170 0,174 0,42 0,5 1,9 
56 4,3 180 0,000 0,00 ) 4,3 i 
57 —8,3 190 — 0,174 1,44 5 18 3 
58 | 200 0,342 1,26 1.0 up E 
59 30 210 — 0,500 1,50 — 1,4 1,6 d 
60 —9,6 220 — 0,643 6,17 ee 78 { 
61 4 230 9,766 2,60 Sa a8 5 
62 83 240 0.866 7,19 94 259 # 
63 Alp 250 0,940 6,67 De 245 “ 
64 a 260 0.985 8,57 pen _6,0 
65 5.4 270 1.000 5,40 ar ö 
“ 


approximation, is very detailed. The amplitudes 
of all other sinoids have to be small. We may 
check this statement for the approximation 
y = b.cos 9. It appears that 


b 


IS 


65 

% 

. = ig . cos G = —0,26 (49) 
k=1 

is less than 10% of a, so that neglecting this 

value was admissable. 

The deviations from the mean, calculated in 
column 6, are given by column 7 ( in table II). 
The dispersion of these values is estimated by 
s = 6,03 %, which is somewhat smaller than 
the value 6,73 %, of the samples 1—65 and the 
values 8,01 %, and 8,97 %, of all samples togeth- 
er. This value seems a quite correct approximat- 
ion for the dispersion of the lognormal distri- 
bution in a certain place of the zinc deposit of 
Pulacayo. 


A Fourier analysis is only admissible when 


the contribution of all single sample values to 
the amplitude of a certain sinoid appears to 
be small in comparison to this amplitude once 
it has been calculated. The variation curve 
between the samples 65 and 118 within the ore 
deposit of Pulacayo has to be approximated by 
a number of sinoids with different periods and 
different amplitudes. It is clear that the number 
of these sinoids is the reason that their ampli- 
tudides are small compared to the amplitude in 
the case of a single sinoid. The small number 
of strongly dispersed sample values prevents a 
Fourier analysis because the stated condition 
of a small contribution of all single sample 
values to the amplitude of a certain sinoid is 
not fulfilled. We can only maintain the curve 
drawn by approximation; a check of this ap- 
proximation by means of Fourier analysis is 
not possible. However, this unchecked ap- 
proximation by a variation curve seems to be 
more correct than Gramberg’s splitting into 
groups. We may say that the dispersion that is 
calculated in these groups is probably too high, 
because only in the centre of a group is the 
calculated mean situated at the right place. At 
the boundaries of a group the mean that is 
tepresented by the variation curve is situated 
above or below this mean of the centre, since 
the mean at a boundary also has to be approxi- 
mated by the mean of the adjacent samples of 
both sides and not by the mean of a group 
that is situated wholly at the same side. 

Our example informs us that in certain cases 
Fourier analysis is possible and that it really 
gives a result that is more correct than the 
variation curve drawn by approximation. 

The ultimate dispersion of about 6 % of the 
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lognormal distribution at a certain place is a 
very interesting result because it enables us to 
calculate the dispersion of the mean concentra- 
tion within the deposit, being 3 % (see p. 158), 
The admissibility of Fourier analysis is de- 
termined by criteria of accuracy which we have 
not framed, as the data of our example do not 
lend themselves to this prupose. 
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NORDISCHE GESCHIEBE IN ABLAGERUNGEN PRAÄ-HOLSTEIN IN DEN 
NIEDERLANDEN (KOMPLEX VON HATTEM) 


GERD W. LÜTTIG und GERARD C. MAARLEVELD1 


NORDIC BOULDERS IN PRE-HOLSTEIN SEDI- 
MENTS IN THE NETHERLANDS (COMPLEX OF 
HATTEM) 


ABSTRACT 


In the region of Hattem, Nijverdal and Lemele 
(southeast of the IjJssel-sea) coarse sands have been 
found in a buckled position. These sands are without 
bedding and carry nordic boulders. With certainty 
they are older than the Holstein Interglacial, they 
belong to the formation of the „white sands’” - pro- 
bably to the sediments of the type Noord-Nederland 
(zone of Enschede) - which are assigned by many 
research workers at least to the Elster-age. The ma- 
terial of the gravel fraction as far as there is no in- 
fluence of the river Rhine, comes from the Weser 
basin. Extraordinary is that the composition of the 
nordic boulder mass has values that lie opposite to 
those hitherto stated for sediments of the pre-Saale gla- 
cial epoch. Not the east fennoskandian province of 
the key boulders is strongly represented but the south 
suedish. In connection with this determination at- 
tention is drawn to the fact that, up to the present, 
the assignment of the Netherland glacial sediments to 
the pre-Saale (Riss) is based solely on the predomi- 
nance of the east fennoskandian boulders. The bedding 
complex did not allow to classify these sediments stra- 
tigraphically. 


We nominate these newly discovered boulder hori- 
zons in which, for the first time in the Netherlands, 
coarse, nordic material has been proved before the 
Holstein stage, the „Complex of Hattem”. 


INHALT 


Im Gebiet von Hattem, Nıjverdal und Lemele isüd- 
östlich des IJssel-Meeres) sind in gestauchter Position 
nordische Geschiebe führende, schichtungsfreie, grobe 
Sande gefunden worden. Diese Sande sind mit Sicher- 
heit älter als das Holstein-Interglazial und gehören zur 
Formation der „weissen Sande”, wahrscheinlich zu den 
Ablagerungen des Typs Noord-Nederland (= Zone 
von Enschede), für die verschiedene Forscher min- 
destens ein Elster-Alter annehmen. Das Material der 


1 Anschrift der Autoren: Niedersächsisches Landes- 
amt für Bodenforschung, Hannover (Deutschland) 
und Stichting voor Bodemkartering, Wageningen 
(Niederlande). 


Kiesfraktion stammt, soweit nicht Rheineinfluss zu 
bemerken ist, aus dem Stromgebiet der Weser. Merk- 
würdigerweise steht die Zusammensetzung des nordi- 
schen Geschiebeinventars im Gegensatz zu den bisher 
für präsaaleeiszeitliche Glaziärsedimente angenomme- 
nen Werten. Nicht die ostfennoskandische Leitgeschie- 
beprovinz ist stark vertreten sondern die südschwedi- 
sche. Im Zusammenhang mit dieser Feststellung wird 
darauf aufmerksam gemacht, daß für niederländische 
Glazialsedimente bisher nur aufgrund einer ostfenno- 
skandischen Geschiebevorherrschaft ein prä-Saale 
(Riss)-Alter angenommen worden ist; eine stratigraphi- 
sche Einstufung aufgrund des Lagerungsverbandes war 
für diese Sedimente nicht zu erbringen. 

Wir geben den neu gefundenen Geschiebehorizon- 
ten, in denen erstmalig in den Niederlanden grobes, 
nordisches Material vor Holstein nachgewiesen ist, die 
Arbeitsbezeichnung „Komplex von Hattem”. 


1 

Die Frage des Vorkommens nordischer Ge- 
schiebe in niederländischen pleistozänen Ablage- 
rungen, die älter sind als die Glaziärsedimente 
des Drenthe-Stadiums der Saale (»Riss)-Verei- 
sung, steht seit Jahrzehnten zur Debatte. So 
schrieb bereits Tesch (1915), dass die „prä- 
glazialen” Sande petrographische Elemente, wie 
vor allem Feldspäte, enthalten, die nicht anders 
als aus dem Norden stammend gedeutet werden 
können. 

Später ist vor allem bei schwermineralanaly- 
tischen Untersuchungen das Augenmerk auf 
Vorhandensein oder Fehlen nordischer Kompo- 
nenten gerichtet worden (Edelman 1933, 1948, 
Zonneveld 1947, 1948). 

Nicht nur im Sand aber, auch im Kies ist 
das Vorkommen derartiger Elemente zu be- 
obachten. So wurden in den „weissen Sanden” 
der mittleren Niederlande Bestandteile gefun- 
den, die auf eine Herkunft aus dem Norden 
hindeuten (Maarleveld 1952 a). Weiterhin 
lieferte auch die Untersuchung groben Geschie- 

ematerials das gleiche Resultat (Maarleveld 


1952-b). 
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Bemerkenswert ist nun, dass bis heute noch 
keine geschiebekundlichen Untersuchungen an 
Ablagerungen vorgenommen worden sind, von 


denen sicher ist, dass sie älter als die glaziäre 


Serie der Niederlande („Riss” im Sprachgebrauch 
der meisten niederländischen Geologen, „Dren- 
the” — „Frühsaale” im Sinne von Woldstedt, 


1954) sind. 


Zum Teil liegt das daran, dass die Korngrösse 
der betreffenden Ablagerungen für derartige Un- 
tersuchungen viel zu gering ist. Bei Gelände- 
untersuchungen, die der zweitgenannte Autor 
vornahm, wurden nun in gestauchter Position 
sehr grobkörnige Schichten gefunden, die für 
eine solche Untersuchung geeignet erschienen. 
Nachstehend geben wir das Resultat der Betrach- 
tung zur Kenntnis. 


2 


Nordische Geschiebe in Ablagerungen gleicher 
stratigraphischer Position (eingebaut in Stauch- 
moränen des Drenthestadiums) wurden in der 
Nähe der Orte Hattem, Nijverdal und Lemele 
gefunden (Abb. 1). 


Die betreffenden Sedimente fassen wir unter 
dem Begriff Komplex von Hattem zusammen. 

Bei Nijverdal besteht das Sediment nur aus 
einer Lage in grösserem Abstand gelegener 
Blöcke, wie sie für die Markierung von Emer- 
sionsflächen typisch ist. Zwischen den Geschie- 
ben ist eine Lage Grobsand von einigen Zenti- 
metern Mächtigkeit zu beobachten. 


Bei Hattem ist die genannte Schicht am deut- 
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Abb. 1 — Fundstellen der nordischen Geschiebe 
führenden Lagen (Hattem-Komplex). 
Deposits of the layers containing boulders (Complex 

of Hattem). i 


lichsten entwickelt. In der Nähe des Fundpunktes 
wurden zwei übereinander liegende Lagen mit 
nordischen Geschieben gefunden. Das feinkör- 
nige Material (s. Abb. 2 b) zwischen den Steinen 
des obersten Geschiebhorizontes ist hier mini- 
mal 8 cm mächtig. 


Diese Lage bildet das Liegende eines sehr 
grobkörnigen Sandes (s. Abb. 2 a) der viel Kies 
> 8 mm ® enthält.? Sie liegt über Grobsand 
bis Feinkies von ca. 30 cm Dicke (Abb. 2 c). 

Das Liegende dieser Schicht bildet ein zweiter 
Geschiebehorizont (Abb. 2 d) von minimal 
5 cm Mächtigkeit. Schliesslich folgt unter dieser 
Lage ziemlich grober Sand mit Feinkiesschnüren. 
Lage b von Abb. 2 enthält das gröbste Material, 
hier wurde auch ein Buntsandsteinblock von 
50 cm Länge angetroffen. Lage d von Abb. 2 
enthält weniger grobe Blöcke als Schicht b. Das 
grösste hier gefundene Geschiebe hat eine Länge 
von 22 cm. Weiterhin befinden sich in dieser 
Schicht viele Lehmstücke mit eckigem Umtiss; 
Schichtung ist nicht zu erkennen. 


Bei Nijverdal enthält der geschiebeführende 
Horizont weniger grobes Material. Das grösste 
Geschiebe (aus Buntsandstein bestehend) hat 
hier aber eine Länge von 60 cm. Auch hier 
wurden ungerundete Lehmbrocken gefunden. 


Der über dieser Lage befindliche Grobsand 
(Abb. 2 f) enthältet weniger Material der Kies- 
fraktion als der entsprechende Sand in Hattem. 
Unter der geschiebeführenden Schicht liegt 
Grobsand, der in bezug auf die Korngrösse mit 
Schicht c von Abb. 2 übereinstimmt. 


Die bei Lemele aufgefundene Lage gleicht 
der von Nijverdal und Hattem sehr. Der grösste 
hier gefundene Block hat eine Länge von 35 cm. 
Auch hier ist wie in Nijverdal die Schichtung 
des zwischen der Steinlage befindlichen, wenige 
cm mächtigen Sediments nur undeutlich, oder 
sie fehlt ganz. Aus Lage b von Abb, 2 wurde 
der Abrollungsgrad der Quarzkörner untersucht. 

Der Abrollungsgrad nimmt oberhalb 150 u 
plötzlich sehr stark zu, und zwar sind in der 
Fraktion von 150-210 u siebenmal mehr gut 
abgerundete Quarzkörner vorhanden als in der 
Fraktion von 105-150 u. Die kritische Korn- 
gıösse des Quarzes (Lütig 1952) liegt also etwa 
beim Korndurchmesser von 150 u; dieser Wert 
ist repräsentativ für ein relativ grosses Fliess- 
gewässer mit gleichbleibender Wasserführung 
(Flussunterlauf). 


=) 


©“ Herr Dr. R. D. Crommelin, Mineraloge bei der 
Stichting voor Bodemkartering in Wageningen war so 
freundlich, uns Angaben über Korngrößenverteilung 
und Schwermineralien zur Verfügung zu stellen. 
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Abb. 2 — Korngrössenverteilung des Hattem-Komplexes. 
Grain size composition of the layers near Hattem and Nijverdal. 
HATTEM e. Schicht im Liegenden des unteren Geschiebehorizont. 
Layer under the lower layer containing boulders. 


a. Schicht über dem obersten Geschiebehorizont. 


Layer above the upper layer containing boulders. 
. Oberster Geschiebehorizont. 
Upper layer containing boulders. 


. Schicht zwischen den beiden Geschiebehorizonten. 


Layer between the layers containing boulders, 
. Unterer Geschiebehorizont. 
Lower layer containing boulders, 


NIJVERDAL 


Schicht über dem Geschiebehorizont. 
Layer above the layer containing boulders. 


. Geschiebehorizont. 


Layer containing boulders. 


. Schicht unter dem Geschiebehorizont. 


Layer under the layer containing boulders, 
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Abb. 3 gibt die petrographische Zusammen- | 


setzung der Geschiebehorizonte von Hattem und 
Nijverdal an. 

Obwohl die Zusammensetzung der beiden 
Sedimente einander ziemlich gut entspricht, sind 
doch auch wenige Unterschiede festzustellen. 
Am auffälligsten ist der hohe Prozentsatz an 
Schwermineralien in der obersten Geschiebelage 
zu Hattem. Diesem geht der hohe Gehalt an 
Granat und Topas parallel. Beim Kies sind die 
Unterschiede weniger gross. So ist der Prozent- 
satz an Porphyr und Lydit im obersten Geschie- 
behorizont bei Hattem etwas höher als in den 
anderen Geschiebelagen bei Hattem und Nijver- 
dal. 

Die Ablagerung mit den nordischen Geschie- 
ben bei Nijverdal enthält weniger Granat als 
die anderen Schichten, besitzt weiterhin mehr 
metamorphe Mineralien und etwas vulkanogenes 
Material (Augit und braune Hornblende). In der 
Kiesfraktion fällt eine etwas erhöhter Prozent- 
satz der Restgruppe Quarz + Quarz mit 
weissen Feldspäten + weisser Feldspat auf. 

Die Schwermineralvergesellschaftung stimmt 
mit der der „weissen Sande” (Sande mit der M- 
Assoziation nach Crommelin 1953) überein. Die 
M-Assoziation kann unterteilt werden in zwei 
Gruppen: Sand vom Typus Hellendoorn und 
Sand vom Typus Noord-Nederland. 

Der Sand vom Typus Hellendoorn bildet den 
liegenden Teil der Schichteinheit mit der M- 
Assoziation (Zone von Harderwijk, nach Edel- 
man & Maarleveld 1958), darüber liegen die 
Sande von Typus Noord-Nederland (Zone von 
Enschede). Der Unterschied zwischen Typus 


Abb. 3 — Sedimentpetrographische Zusammenstellung 

für die Geschiebehorizonte von Hattem und Nijverdal. 

Composition of the layers containing boulders near 
Hattem and Nijverdal. 


A. Oberer Geschiebehorizont, Hattem. 

Upper layer containing boulders, Hattem. 
B. Unterer Geschiebehorizont, Hattem. 

Lower layer containing boulders, Hattem. 
C. Geschiebehorizont im Nijverdal. 

Layer containing boulders near Nijverdal. 


a = Gräanat b = Epidot 
Garnet Epidote 

e = Saussurit d = Hornblende 
Saussurite Hornblende 

e = WVulkanische Mineralien f = Durchläufer 
Volcanic minerals Accessory minerals 


g = Metamorphe Mineralien 
Metamorphic minerals 
be=270paZ i = Schwerminerale % 
’ Topaz Heavy minerals % 
}) = Milchquartz + Restgruppe 
Milky quartz + rest of other pebbles 
k = Restgruppe Quarz + Quarz mit weissen Feldspäten 
Rest of other quartz pebbles + quartz with white 
feldspars 
I = Porphyr + Lydit 
Porphyry + Lydite 
m = Kristalline Restgruppe 
Other cristalline pebbles 
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Noord-Nederland und Typus Hellendoorn in 
schwermineralanalytischer Hinsicht liegt vor- 
nehmlich im Topasgehalt begründet. So kann 
für die Sedimente des Typs Hellendoorn nach 
Crommelin’s (1953) Beobachtungen ein mittle- 
ter Topasgehalt von 2%, für die des Typs 
‚ Noord-Nederland ein solcher von 9% berechnet 
‚ werden. Verschiedentlich ist aber festgestellt 
| worden, dass Sande des Typs Hellendoorn 4% 
ı Topas enthielten; derselbe Prozentsatz, z.T. noch 
‚ein geringerer, wurde aber gelegentlich in Sedi- 
‚ menten des Typs Noord-Nederland beobachtet. 
Weniger als 3% wurden allerdings in den von 
Crommelin untersuchten Proben nicht gefunden. 

Nach diesen Beobachtungen halten wir es 
vorerst für unmöglich, eine Aussage über die 
Stellung des Hattem-Komplexes auf des schwer- 
mineralanalytischen Befunde zu treffen. 

Es ist deshalb notwendig zu untersuchen, ob 


durch die Kiesuntersuchung Gegebenheiten auf- 


gedeckt werden, die zu einer Klärung dieser 
Frage führen können. Nun besitzen die Sedi- 
mente des Typs Hellendoorn in der nördlichen 
Veluwe und in Midden-Overijssel im Durch- 
schnitt 88% der Restgruppe Quarz + Quarz 
mit Feldspäten + weisse Feldspäte, während 
die Ablagerungen vom Typ Noord-Nederland in 
derselben Gegend nur 58% aufweisen. Man be- 
kommt dadurch den Eindruck, dass der Einfluss 
des Typs Hellendoorn in der obersten Geschiebe- 
lage zu Hattem ziemlich gering oder zu vernach- 
lässigen ist. Auch der Topasgehalt passt in dieses 
Bild. Fernerhin weisen in diese Richtung die 
Prozentsätze an Milchquarz + Restgruppe sowie 
der kristallinen Restgruppe, die beim Typ Hel- 
lendoorn im Mittel 11 beziehungsweise 1 sind. 

Der Einfluss des Typs Hellendoorn ist in der 
Geschiebelage zu Nijverdal nach den die Kies- 
fraktion betreffenden Beobachtung der grösste. 

Auch diese Feststellung steht nicht im Wider- 
spruch mit den Gegebenheiten der Schwermine- 
ralanalyse. 


> 


2) 
ALTERSSTELLUNG DES KOMPLEXES VON 
HATTEM 

Wie in Absatz 2 bereits mitgeteilt wurde, 
gehört aufgrund der Untersuchung der Schwer- 
mineralien und der Kiesfraktionen der Komplex 
von Hattem in die stratigraphisch-petrofazielle 
Einheit der „weissen Sande”. Wegen des im 
Hattem-Komplex festgestellten Einflusses der 
Noord-Nederland-Assoziation (nach Zandstra 
1959 die ältere N.N.A.) kann angenommen 
werden, dass der Hattem-Komplex in den jün- 
geren Teil der „weissen Sande” (in die Forma- 
tion von Enschede) gehört. 
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Das wird auch bestätigt durch die Zusam- 
mensetzung der unter den Geschiebehorizonten 
bei Hattem und Nijverdal gefundenen Schich- 
ten. Im Profil Nijverdal (Abb. 4) besitzt 
wahrscheinlich nur der unterste Teil die unver- 
fälschte ältere Hellendoorn-Assoziation, und 
dieses Paket gehört zur Formation von Harder- 
wijk. In Hattem sehen wir ebenfalls den Einfluss 
der “älteren Hellendoorn-Assoziation in den 
Lagen unterhalb des untersten Geschiebehori- 
zontes zunehmen (Abb. 4.) Über dem Geschiebe- 
horizont befindet sich bei Nijverdal Rheinkies, 
der ausweislich der petrographischen Zusam- 
mensetzung seine Sandfraktion zur A.S.-Asso- 
ziation gerechnet werden muss. Was die Zu- 
sammensetzung der Kiesfraktion betrifft, so 
spricht sie auch wegen des Gehaltes an Porphyr- 
Geröllen in der Fraktion von 5-8 mm für 
Rheinmaterial der Mittelterrasse. 

Da die Ablagerungen von Hattem und Nij- 
verdal in gestauchter Position vorkommen, ist 
zu folgern, dass sie älter als die Eisbedeckung 
durch das Eis des Drenthestadiums (oder der 
Riss-Eiszeit im Sinne der niederländischen 
Gliederung) sind. Die obengenannten Rhein- 
kiese können sowohl aus dem Beginn des 
Drenthestadiums als auch aus dem Holstein- 
-Interglazial stammen (Zeonneveld 1957). Wie 
Crommelin (1953, 1954) aufgrund des Ergeb- 
nisses der Bohrung Harderwijk betonte, befindet 
sich zwischen den Sanden mit der A.S.-Asso- 
ziation und den „weissen Sanden” vom Typus 
Noord-Nederland bei Harderwijk ein Schicht- 
paket, das der S-Assoziation angehört. Wiewohl 
die Korngrössenverteilung das petrographische 
Bild stark beeindrucken kann, hält es Zonne- 
veld (1959) für bewiesen, dass in den mittleren 
Niederlanden Rheinmaterial mit der S-Assozia- 
tion (die Sande von Sterksel) unter den Rhein- 
sanden der A.S.-Assoziation liegt. Auch Kies- 
untersuchungen (Maarleveld 1956) bestätigen 
diese Ansicht. Die Schichteinheit mit der S-As- 
soziation gehört zur Formation von Sterksel, und 
ihr jüngster Teil hat nach Zonneveld (1957, 
1959) ein Elster (=Mindel)-Alter. Auch Zag- 
wijn (1957) hält dies für sehr wohl möglich. 

Diese Alterseinstufung wird auch gestützt 
durch Wahrnehmungen, die kryoturbate Er- 
scheinungen im Hauptterrassenkörper des Rhei- 
nes betreffen (Kaiser 1958). 

Zonneveld (1959) nimmt fernerhin an, dass 
die Sterksel-Sande in die weissen Sande der 
Formation von Enschede übergehen. Hieraus 
kann freilich nicht die Schlussfolgerung gezogen 
werden, dass bewiesen ist, dass die ganze For- 
mation von Enschede und damit auch die ge- 
schiebeführenden Lagen von Hattem etc. aus 


# 
asaı' 
(| 


der Elster-(—Mindei)-Zeit stammen. So meint 
Zandstra (1959) aufgrund von Bohrergebnissen, 
dass ein Teil der Formation von Enschede sicher 
wesentlich älter ist. Auch nach Zonneveld (1959) 
lassen paläobotanische Resultate die Vermutung 
zu, dass in der Formation von Enschede Tone 
vom Cromer-Alter vorkommen, so dass nach 
‚ diesen Gegebenheiten möglich ist, dass das 
Material mit der Älteren Noord-Nederland- 
Assoziation in den Mittleren Niederlanden schon 
‚ vor der Cromer-Zeit abgelagert ist. Auch in 
Deutschland kommt der Kies mit der Noord- 
Nederland Assoziation vor und ist von der Lan- 
desgrenze bis zur Stauchmoräne von Kellenberg 
zu verfolgen (Maarleveld 1954, 1956). Hier ist 
bezügl. des Alters der Kiese wenig bekannt. Eini- 
ge Forscher, so Stoller (1923) und M. Richter, 
H. Schneider & R. Wager (1956) nehmen ein 
Elster-Alter an. Andere Untersucher denken so- 
gar an ein prä-elstereiszeitliches 
Schucht (1906), Tietze (1914) und Beyenburg 
(1934). Unlängst beschrieben Grahle & Schnee- 
kloth (1958) aus der Stauchmoräne von Uelsen 
ein interglaziales Sediment in der kiesführenden 
Ablagerung mit der Noord-Nederland-Assozia- 
tion. Da in diesem Sediment Azolla filiculoides 
vorkommt, halten sie ein holstein-interglaziales 
Alter für erwiesen. 

Aus den obenangeführten Darlegungen ist zu 
schliessen, dass eine genaue Datierung des 
Komplexes von Hattem noch nicht möglich ist. 
Vorkommen grosser Geschiebe, Sortierungsgrad 
des Sediments (vgl. Abb. 2) wie Vorhandensein 
ungerundeter Lehmgerölle weisen auf Ablage- 
rung des Sedimentes unter kaltzeitlichen Bedin- 
gungen hin, so dass für die Zeit der Entstehung 
nur eine Glazialperiode in Betracht kommt. 
Welche diese Zeit ist, können wir vorläufig 
nicht mit Bestimmtheit sagen, allem Anschein 
nach kommen dafür aber nur Elster (Mindel)- 
Eiszeit oder Menapien in Frage. 


Alter, so 
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GESCHIEBEKUNDLICHE BEMERKUNGEN ZUM 
KOMPLEX VON HATTEM 


Die an den drei Stellen 
Filipsberg bei Hattem, 
Lemele und 
Nijverdal 


beobachteten nordische Geschiebe führenden 
Schichten weisen in bezug auf die einheimi- 
schen Geschiebe (M- und P-Gruppe, — nicht 
nordisches Mesozoikum und Paläozoikum, Lüt- 
tig 1952) und die nordischen Erratika eine ei- 
genartige Zusammensetzung auf. Bei Hattem 
sind an nicht nordischen Geröllen vor allem 
solche von Lydit, Buntsandstein, Porphyr östli- 
chen Typs (d.h. Thüringer Wald-Porphyr und 
ähnliche Gesteine) sowie zahlreiche dunkelblaue 
Lias-Hornsteine der Petrofazies von Rheine- 
Osnabrück (nach Fossilbestimmungen, die wir 
Herrn Dr. K. Hoffmann, Hannover verdanken) 
beobachtet worden. Bereits diese Geschiebever- 
gesellschaftung weist auf Herkunft der Gerölle 
aus dem Osten, also etwa aus dem damaligen 
(gegenüber dem heutigen veränderten) Einzugs- 
bereich des Weser-Flusssystems hin. 

Bei Lemele sind ebenfalls Lias-Hornsteine be- 
obachtet worden; es kommen an Geröllen der 
P-Gruppe aber auch aus dem Rhein-Flusssystem 
stammende Typen vor. 

Auch bei Nijverdal ist dieser Einschlag von 
Rheinmaterial festzustellen. 

Vergleicht man nun die Zusammensetzung 
der N-Gruppe (nordische Geschiebe) mit der 
der bisher bekannten niederländischen Glaziär- 
Sedimente, so sieht man, dass ebenfalls eine 
eigenartige Vergesellschaftung vorliegt, die am 
ehesten mit besonders viele südfennoskandische 
Geschiebe führenden Glaziärablagerungen des 
Drenthestadiums verglichen werden könnte, 
aber noch wesentlich ärmer an Geschieben aus 


Abb. 4 — Schwermineralgehalt und Geröllzusammensetzung in den Profilen Nijverdal und Hattem. 
Percentage of heavy minerals and composition of the pebbles in the profiles at Nijverdal and Hattem. 


a — Oberer Geschiebehorizont, Hattem 
Upper layer containing boulders, Hattem 
b = Unterer Geschiebehorizont, Hattem 
Lower layer containing boulders, Hattem 
c = Geschiebehorizont, Nijverdal 


Layer containing boulders, Nijverdal 


Heavy minerals 


A. Schwerminerale 
B. Schwerminerale in Gesamt % und Topas in % der 


Schwerminerale 
Heavy minerals % and Topaz in % of the heavy 
minerals 


C. Kies (3-5 mm) 
Pebbles (3-5 mm) 


ie= Granat 2, = Epidot 
Garnet Epidote 

3 — Saussurit 4 = Hornblende 
Saussurite Hornblende 

5 — Vulkanische Minerale 6 = (in A) Durchläufer 
Volcanic minerals (in A) Accessory 

minerals 
7 = Metamorphe Minerale 8 = (in €) Milchquartz 


Metamorphic minerals (inC) Milky quartz 

9 — Restquartz 
Rest of other quartz 

10 = Quartz mit weissem Feldspat und weisser Feldspat 
Quartz with white part of feldspar and white feldspar 

11 = Porphyr 12 = Kristalline Restgruppe 
Porphyry Rest of other 
cristalline pebbles 

14 = Restgruppe 


13 = Lydit-Radiolarit 
Rest of other pebbles 


Lydite-radiolarite 
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Finnland und dem Stockholmstrakt ist als diese. 
Es fällt vor allem auf, dass die Anzahl der 

Typen verhältnismässig beschränkt ist. An den 

drei genannten Orten sind bisher folgende 

Geschiebe beobachtet worden: 


(ss — sehr selten, s = selten, h = häufig, hh = sehr 
häufig). 

Almindinggranit ss 
Blauquarzquarzit hh 
Bredvadsporphyr ss 
Colonusschiefer s ss 
Emarppotphyr ss 
Fellingsbrogranit ss 
Flivikgranit hh 
Garbergsporphyr ss 
grauer Växjögranit h 
Grönklittporphyrit ss 
Hammergranit s 
Hardebergasandstein hh 
Höörsandstein h 
Jungfrungranit h 
Kinnediabas s 
Kullait s 
Kullengneis s 
Nexösandstein hh 
Pullastrasandstein s 
Ramsäsasandstein s 
Rispebjergsandstein ss 
roter Ostsee-Quarzporphyr ss 
roter Växjögranit h 
Schonenbasalt hh 
Sjannaryd-Diabas ss 
Smälandgranit h 
Smäland-Quarzporphyr s 
Spinkamäla-Granit s 
Stockholmsgranit ss 
Tessinisandstein hh 
Uppsalagranit ss 
Vänevikgranit hh 
Äland-Rapakiwi ss 


+ — Rapakiwigranitporphyr 

In dieser Liste fällt auf, dass Geschiebe aus 
dem Äland-Finnland-Gebiet ausserordentlich sel- 
ten sind; auch die Dalarnagesteine treten völlig 
zurück. 


Das Geschiebeinventar rekrutiert sich statt- 
dessen aus dem Bereich Schonen-Smäland, und 
zwar offensichtlich mit Schwerpunkt im Gebiet 
Karlshamn-Ähus. Das kommt auch in den Theo- 
retischen Geschiebezentren (Lüttig 1957, 1958) 
zur Geltung, die bei 15,2-57,5; 15,4-57,0 bzw. 
14,8-56,8 liegen. 

Ein Vergleich mit den Theoretischen Geschie- 
bezentren anderer Glaziärsedimente der Nieder- 
lande ist bereits möglich. Wir haben dazu nur 
Proben ausgewählt, die wir entweder selbst aus- 
gewählt haben, oder bei denen die stratigraphi- 
sche Stellung einigermassen sicher ist und von 
denen genügend viel Material verliegt. 

Diese Proben sind in der nachstehenden Liste 
aufgeführt. 


1 Sand und Kies vom Typus Noord-Nederland, Sib- 
kulo nordöstlich von Vroomshoop, TGZ 17,9-58,4 


2 Zählung III nach de Waard (1955) westlich von den 
Voorst, Nordostpolder, grauer Geschiebelehm, TGZ 
17,2-58,8 

3 Zählung VII, nach de Waard (1955), nördlich von 
Urk, grauer Geschiebelehm, TGZ 17,4-59,4 

4 Zählung IV nach de Waard (1955), westlich von den 
Voorst, Nordostpolder, roter Geschiebelehm, TGZ 
19,4-59,8 


5 Auswaschungsrückstand (der roten Grundmorane), 


Barger-Oosterveld (5-14 coll. et det. G. H. Ligterink, 
Lüttig 1958), TGZ 18,0-59,1 


6 Moränenrückstand (vorwiegend roter Geschiebelehm), 
Emmen-Ost, TGZ 18,0-59,2 

7 Moränenrückstand, Emmen-Ost II, TGZ 18,0-58,9 

8 Rote Grundmoräne, Zuidbarge, TGZ 18,3-58,9 

9 Moränenrückstand, Borger, TGZ 18,1-59,2 

10 Moränenrückstand, Exlo, TGZ 17,9-59,4 

11 Moränenrückstand, Buinerveld I, TGZ 18,4-58,9 
12 Moränenrückstand, Zuidlaren, TGZ 18,1-59,3 

13 Moränenrückstand, Haren, TGZ 17,8-59,4 

südlich von Groningen, 


14 Steinpflaster, Sellingen 


TGZ 16,8-58,8 


15 Geschiebelehm, Crailosche Heide bei Hilversum 
(de Waard 1944 b), TGZ 16,7-58,3 


16 Quarzreicher Sand mit viel Lyditen und östl. Por- 
phyren, Schoonloo, TGZ 16,3-57,2 


17 brauner Geschiebelehm, Emmerschans, 
Grube, TGZ 16,8-58,5 


18 brauner Geschiebelehm, darüber Steinsohle und 
Geschiebedecksand, Valthe, TGZ 17,1-58,3 


19 geröllreiche Zone in gestauchtem Sand vom Typus 
Noord-Nederland, Filipsberg bei Hattem, mit östl. 
Porphyren, Lyditen, Buntsandsteingeröllen; Flinte äoli- 
siert, zahlreiche dunkle Lias-Hornsteine der Fazies des 
Gebietes von Rheine-Osnabrück (= Hattem-Komplex), 
TGZ#5,2575 


20 Geschiebelehm in Fetzen in Hohlformen über ge- 
stauchtem Rheinkies, Lunteren, TGZ 15,3-57,8 


Paralyth- 


21 Kiesanreicherungszonen zwischen gestauchtem 
Rheinkies und -sand bei Lemele, darin wenige nordi- 
sche Geschiebe, viele dunkelblaue Hornsteine aus dem 
Lias des Gebietes von Osnabrück-Osterkappeln, dezime- 
tergroße Geschiebe von paläozoischem Quarzit, 
Grauwacke und Buntsandstein, TGZ 15,4-57,0 (Hat- 
tem-Komplex) 


22 Periglazial verbrodelter Geschiebelehm, SSW St. 
Jansklooster, TGZ 15,5-57,7 


23 Geschiebelehm und daraus entstandene Steinsohle, 
Heetveld, SE Vollenhove, TGZ 15,2-58,8 


24 aufgeschuppter Kies (Hattem-Komplex), z.T. auch 
auf sekundärer Lagerstätte, dort große Blöcke von 
Buntsandstein, wenige Flinte mit lackartig polierter 
Oberfläche, viele paläozoische Quarzite, Kulmgrau- 
wacken, devonische und karbonische Wetzschiefer und 
anderes Rheinmaterial sowie Lydite und blaue Lias- 
hornsteine östlichen Typs enthaltend, Nijverdal, TGZ 
14,8-56,8 


25 gestauchtes Glazifluviatil, 
Hilversum, TGZ 16,0-57,8 


26 Geschiebelehm und daraus entstandener Geschie- 
bedecksand, Crailosche Heide bei Hilversum, TGZ 
DSDSHR 


Hoge Vuursche, südl. 
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Abb. 5 — Theoretische Geschiebezentren niederländischer Glaziärsedimente. 
Theoretical centres of erratic boulders of the dutch glacial deposits 
Punkte 1.A. normaler Drente-Komplex Kreuze = Hattem-Komplex 
Dots Generally normal Complex of Drente Crosses = Complex of Hattem 


rother Geschiebelehm 
red boulder clay 


Kreise 
Circles 


Vergleicht man die dieser Liste entnomme- 
nen TGZ in Abb. 5, so kann man deutlich 
erkennen, dass die TGZ von Proben, die rotem 
Geschiebelehm entnommen sind, im Nordosten 
des Diagramms liegen, während der Komplex 
von Hattem durch Kreuze repräsentiert wird, 
die den Südwestteil des Diagrammes einneh- 
men. Zwischen beiden Gruppen befinden sich 
die TGZ der Proben, die aus dem grauen 
Geschiebelehm oder anderen fast ausschliesslich 
früh-drenthestadialen Ablagerungen stammen. 

Wie bereits gesagt wurde, ist der Komplex 
von Hattem nun mit grösster Wahrscheinlich- 
keit älter als alle anderen Glaziärsedimente, 
wobei zugleich einzuschränken ist, dass Hin- 
weise, die mit Sicherheit auf eine glazigene 
Natur des Hattem-Komplexes deuten, keines- 
falls vorhanden sind. Dit mit Sicherheit Akalt- 
| zeitlichen Ablagerungen von Hattem sind u.E. 
vielmehr als von einer weitreichenden Vor- 
schüttung glazifluviatilen Materials beeindruckt 
zu denken. 

Nun kommen wir zu einer der Grundfragen 
der niederländischen Quartärgeologie. Es ist 


aufgrund geschiebekundlicher Untersuchungen 
insbesondere von Hesemann (1939), van der 
Lijn (1941 a,b), Kruizinga (1944) und de 
Waard (1955) die Annahme geäussert worden, 
dass die Glaziärsedimente der Niederlande zwei 
Vereisungen zugeordnet werden müssen. Ge- 
schiebekundlich sollen sich diese beiden Grup- 
pen dadurch unterscheiden, dass die ältere, 
elstereiszeitliche besonders viel ostfennoskandi- 
sche, die jüngere, drenthestadiale, viel süd- 
schwedische Geschiebe enthält. Es muss aber 
bemerkt werden, dass an keiner Stelle durch 
den Lagerungsverband, d.h. Bedeckung der als 
elstereiszeitlich aufgefassten Ablagerung durch 
Holstein-Interglazial die angegebene Auffas- 
sung bekräftigt werden konnte. Die Annahme, 
die betreffende Ablagerung sei elstereiszeitlich, 
erfolgte vielmehr nur deshalb, weil in den 
östlichen Nachbargebieten der Niederlande in 
Elster-Glaziärsedimenten ein Vorwiegen der ost- 
fennoskandischen Geschiebegemeinschaft fest- 
gestellt worden ist. 

Durch Untersuchungen, insbesondere von 
Jonker (1907), Faber (1950) und K. Richter 
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Abb. 6 — Untere und oberste Geschiebehorizont 
Lower and upper layer containing boulders 


l = Unterer Geschiebehorizont 
Lower layer containing boulders 
2 = Oberer Geschiebehorizont 


Upper layer containing boulders 


=) 


e in einer Sandgrube in der Nähe von Hattem. 


in a pit near Hattem. 


(1951, 1953, 1955) ist nun nachgewiesen, dass 
die unter dem Begriff „roter Geschiebelehm” 
behandelten Glaziärsedimente von einem jüng- 
sten drenthestadialen Eisvorstoss herrühren und 
er Hangende der normalen Drenthesedimente 
ilden. 


Durch diese ihre Ergebnisse ist die Geschie- 
eforschung in den Niederlanden in eine 
Zwickmühle geraten, denn sie müsste nun, 
wäre die Auffassung, es gäbe einen Elster-Ge- 
schiebelehm in den Niederlanden mit obenge- 
nannten Eigentümlichkeiten, mit zwei ostfen- 
noskandische Geschiebeprädominanz besitzen- 
den Einheiten rechnen. Das bedeutet, dass eine 
exakte Aussage über das Alter eine solchen 
Ablagerung gar nicht erwartet werden könnte. 
Nun ist zweifelsohne durch die Funde des 
Komplexes von Hattem erstmalig ein nordische 
Geschiebe führendes Sediment älter als Hol- 
stein-Interglazial nachgewiesen worden, und es 
ergibt sich die überraschende Feststellung, dass 
die Zusammensetzung der nordischen Geschie- 
be in diesem Sediment eine ganz andere ist, als 
man sie nach den Ausführungen von Hesemann 
(1939, 1956), van der Lijn (1940), Kruizinga 
(1944) und de Waard (1955) erwarten könnte. 
Nicht eine ostfennoskandische Geschiebeprädo- 
minanz ist festellbar, sondern eine ausgeprägte 
Vorherrschaft der südschwedischen Geschiebe. 
Verfolgt man die Lage der TGZ in den Ab- 
lagerungen prä-Holstein bis spät-Drenthe, so 
stellt man fest, dass sie von Punkten, die in 
Südschweden liegen, im Laufe der Erdgeschich- 
te in das Gebiet der Älands-Inseln wandern. 
Diese Tatsache führen wir zunächst lediglich 
als Beobachtung an und müssen weitere Schlüsse 
bis zu einem Zeitpunkt zurückstellen, zu dem 
mehr Beobachtungsmaterial vorliegt. Es sei 
jedoch gestattet, auf eine Parallele hinzuweisen, 
die K. Richter (1935) aus dem Gebiet von 
Stettin beschrieb. Auch dort ist in wahrschein- 
lich altpleistozänen Ablagerungen nordisches 
Material gefunden worden, dessen Leitgeschiebe 
vornehmlich aus Südschweden stammen. 
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XVe NGMSO-CONGRES 


Op vrijdag 10 maart j.l. vond te Leiden het XVe 
XCongres plaats van de Nederlandse Geologische en 
ijnbouwkundige Studenten Organisatie. 

Het ochtendprogramma, dat gehouden werd ın de 
cademie, bestond uit twee lezingen. 

Professor Dr. E. den Tex sprak over „Voorlopige re- 
sultaten van petrologisch werk in Galici@”. Hij behan- 
xlelde enkele werkhypothesen, welke voor de kartering 
in Galici€ (N.W. Spanje) zijn opgesteld. Hierbij wijd- 
e hij speciaal uit over de niet-migmatische infra- 
structuur van Cabo Ortegal, met de verschillende fasen 
"van progressieve en retrograde metamorfose in het 
asische complex. Verder besprak hij de migmatisatie 
n granitisatie cycli in N.W. Galicie en betoogde, dat 
r nog veel werk in het Complejo verricht dient te 
orden. 

De volgende spreker, Dr. A. Brouwer, hield een 
oordracht over „Stratigrafisch onderzoek in het Can- 
tabrisch Gebergte”, waarin hij de facies typen in het 


van een enkel type facies, in het Carboon zijn er twee 
typen te onderscheiden, de z.g. Leonische en Asturische 
facies, waarbij deze eventueel te vergelijken zouden 
ziin met de Boheemse en Rijnse facies. 

De lunch werd gebruikt in Den Burcht. 

Het middagprogramma bestond uit een viertal ex- 
cursies. Een excursie had tot doel de strandwallen tus- 
sen Warmond en Voorhout met de strandvlakten en 
het vroegere Rijn-estuarium bij Katwijk. Zij stond on- 
der leiding van Professor Dr. A. J. Pannekoek en Dr. 
J:. D. de Jong. 

Een tweede excursie leidde naar de boortoren van de 
# NAM in Wassenaar; vooraf kreeg men in het Oplei- 
ı dingscentrum van de B.l.P.M. van Dr. U. Haanstra 
een algemene inleiding van de aardolie-geologie van 
Nederland te horen, en daarna een inleiding over de 
techniek van het boren door de heer Ouwehand. De 
heer Fabriek hield tenslotte een voortreffelijke voor- 
‚dracht over de betekenis van de olie in de wereld- 
 economie. 

De derde excursie bleef binnen de muren van Lei- 
4.den en van het Geologisch Instituut. De verschillende 
studierichtingen, paleontologie, palynologie, petrologie, 
sedimentologie en structurele geologie, hadden bijzon- 
der aardige verzamelingen tentoongesteld; enkele af- 


gebergte besprak. Was voor het Devoon nog sprake 


EOLOGISCH EN MIJNBOUWKUNDIG NIEUWS 


delingen gaven daarbij demonstraties. Als bijzondere 
attractie demonstreerde Dr. P. C. Zwaan enige onder- 
zoekmethoden van edelstenen. De deelnemers konden 
na de rondgang langs de verschillende „stands” een 
drietal Shell-films gaan zien. 

Een kleine groep enthousiasten maakte gebruik van 
de vierde excursiemogelijkheid en bezocht het bedrijfs- 
complex van de Nederlandsche Electrolasch Mij. en de 
Hollandsche Constructie Werkplaatsen te Leiden. 

Het officiele gedeelte van de dag werd besloten met 
een geanimeerde borrel en een druk diner in Den 
Burcht. 

Zowel door het programma als door het grote aan- 
tal deelnemers, ongeveer 230 studenten en 20 gasten, 
is de lustrumviering van de NGMSO een succes ge- 
worden. 


PRODUKTIE VAN DE LIMBURGSE STEENKOLEN- 
MIJNEN OVER DE MAAND FEBRUARI 1961 


Mijnen Netto produktie in tonnen 
1961 1960 

Wilhelmina 72.242 87 565 
Emma 202 840 204 088 
Hendrik 122 469 114 700 
Maurits 246 786 204 082 
Totaal Staatsmijnen 644 337 610 435 
Oranje-Nassau I 45 214 46 681 
Oranje-Nassau II 53 009 43 350 
Oranje-Nassau III 7723 73 347 
Oranje-Nassau IV 29 254 28 222 
Totaal Oranje-Nassaumijnen 199 200 191 600 
Laura 40 200 46 100 
Julia 64 500 60 400 
Totaal Laura en Vereeniging 104 700 106 500 


Domaniale 45 493 39 677 
Willem-Sophia 25 500 31 000 
Totaal Limburgse Mijnen 1 019 230 979 212 


TEE e1122m m nn 
PRODUKTIEGEGEVENS STEENKOLEN E.G.K.S. 


Duitsland Belgie Frankrijk Italie Nederland E.G.K.S. 
Produktie (1000 t.) = ae er 
februari 1961 11.400 1.856 4.530 > ; 8. 
februari 1960 11.721 12 4.981 63 m) 19.677 
Aantal arbeiders o.g. (1000 arb.) RR Ei ER 
26—2—1961 296,6 70,4 19952 DR 27, } 
93= 92-1960 322,4 83,3 134,8 2,6 29,3 572,4 
Prestatie o.g. (kg) 
26 21961 2.184 ol 1.906 1.347 2.112 2.017 
28—2—1960 2.051 1.403 1.807 12.195 1.800 1.330 
Voorraden (1000 t.) ? ah: 
26—2—1962 6.470 6.351 13.115 33) 684 20.079 
29—2—1960 10.817 7.386 11.339 114 712 30.368 


WETENSCHAPPELUKE MEDEDELINGEN. 


HET VOORKOMEN VAN SCHUIFSTENEN IN DE DUINEN 


De Amsterdamsche Duinwaterleiding meldde 
de Geologische Dienst reeds enige jaren geleden 
het aanboren van grind en stenen op geringe 
diepte onder het duinoppervlak. Bij nader on- 
derzoek van de monsters bleken het schuifstenen 
tot max. 7 cm en grind te zijn. 

Het afgelopen najaar berichtte de heer B. ]J. 
Wieland Los te Haarlem de aanwezigheid in de 
Amsterdamsche Waterleiding Duinen van een 
ontsluiting, waarin op een bepaald niveau stenen 
werden aangetroffen. 

Onder een laag duinzand komt zeezand met 
schelpen voor. Ongeveer op de overgang van 
duinzand-zeezand zijn met vele strandschelpen 
schuifstenen aanwezig. Dit niveau is mogelijk 
een oud strandoppervlak dat later door duinzand 
is bedekt. De grootste stenen zijn ongeveer 10 
cm. 


BEROFEESS KIEL BE SESTER 


Pliozän und Pleistozän am Mittel- und Niederrhein. 
Ein Symposium. Redaktion: R. Teichmüller 
und G. v. d. Brelie. Fortschritte in der Gxo- 
logie von Rheinland und Westfalen, Band 4. 
Herausgegeben vom Geologischen Landesamt 
Nordrhein-Westfalen. XIV + 412 S., 35 Taf., 
131 Abb., 70 Tab. Krefeld 1959. Prijs ingen. 
DME3F 


Dit werk, dat als Band 4 van de voortreffelijke 
reeks ”Fortschritte in der Geologie von Rheinland 
und Westfalen” is verschenen, verdient ten zeerste 
de aandacht van allen, die belang stellen in de 
kwartaire geologie van ons land. In de laatste jaren 
is een vruchtbare uitwisseling van ervaringen tot 
stand gekomen tussen nederlandse en duitse kwartair- 
onderzoekers. Het is verheugend te kunnen consta- 
teren, dat door deze ontwikkeling de opvattingen 
over de gesteldheid aan weerszijden van de grens 
beter correleerbaar zijn geworden, dan voorheen het 
geval placht te zijn. Enige jaren geleden (1956) 
hebben de lezers van dit tjjdschrift door het sympo- 
sıum ”Das Quartär an Maas und Niederrhein” van 
enige resultaten van het nieuwe onderzoek op dit 
gebied kennis kunnen nemen. Het onderhavige werk 
vormt a.h.w. de voortzetting van het toen begonnene, 


Tijdens het doornemen van de boorgegevens 
uit het Amsterdamsche Duinwaterleiding gebied 
bleek, dat in vele gevallen op ongeveer N.A.P. 
dit stenen niveau in de duinen wordt terugge- 
vonden. 


Over de herkomst van het materiaal kan wei- 
nig gezegd worden. Drs. C. J. Overweel (Rijks- 
museum van Geologie en Mineralogie, Leiden) 
kon na bestudering van het materiaal als voorlo- 
pige conclusie echter wel stellen dat een noorde- 
lijke herkomst uitgesloten geacht moet worden. 


De mogelijkheid bestaat, dat deze stenen af- 
komstig zijn van een stuwwal die voor de kust 
in de Noordzee ligt en ge&rodeerd wordt. 


S. Jelgersma, 
Geologische Dienst, Haarlem 


RE KRUSE NEE SEE EBEN 


waarbij uiteraard thans meer de nadruk wordt ge- 
legd op de verschijnselen, die op Duits gebied zijn 
waargenomen. Doordat evenwel vele der gebruikte 
moderne methodes (zware-mineralenonderzoek, grind- 
onderzoek, granulaire analysen, pollenonderzoek) ge- 
heel vergelijkbaar met overeenkomstig onderzoek in 
Nederland zijn uitgevoerd, is in vele gevallen een 
aansluiting aan hetgeen ten onzent bekend is zonder 
meer mogelijk. Bijzonder verheugend is het te kunnen 
constateren, dat de zware-mineralenanalyse in het 
Nederrijngebied op ruime schaal is toegepast. 


Aangezien dit symposium als voortzetting is be- 
doeld van Band 1 in dezelfde reeks (”Die Nieder- 
rheinische Braunkohlenformation”), waarin het Plio- 
ceen onbesproken bleef, vormt de behandeling hier- 
van de inleiding tot dit nieuwe symposium. Zagwijn 
en von der Brelie behandelen resp. voor Z.O. Neder- 
land en het Niederrheingebiet de stratigrafie der 
terrestrische pliocene afzettingen, waarbij vooral de 
pollenanalyse tot een bruikbare indeling heeft geleid. 
Kilpper geeft ven uitvoerige analyse van een pliocene 
blad-flora van het Reuver-type uit de grote ont- 
ginning te Frimmerdorf, terwijl Vogler de tektoniek 
en sedimentatiegeschiedenis van het Erftbekken ge- 
durende het Plioceen bespreekt. 
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Het grootste deel van het boek is gewijd aan pro- 

lemen van Pleistoceen. Mede dankzij de enorme 
ontsluitingen van de bruinkolendagbouw (Erftbekken) 
ee kleiontginning (Kärlich) zijn vele nieuwe gegevens 
te voorschijn gekomen. Frechen, Villwock en v. d. 
Boom behandelen de sedimentpetrographie van oud- 
kwartaire afzettingen in Kärlich en van de terras- 
afzettingen van het Middenrijngebied. Zij vonden 
0.a. dat in een beperkt gebied in de ” Jüngere Haupt- 
‚terrasse” voor het eerst vulkanische mineralen op- 
treden. Dit hangt samen met het begin van het 
‚kwartaire Eifelvulkanisme. Vinken vond in het ooste- 
‚lijk deel van de nederrijnse bocht, tussen Bonn en 
Düsseldorf, dat de associatie met vulkanische mine- 
‚ralen wat later optreedt, n.l. ten tijde van de ”Obere 
‚Mittelterrasse”. Ook de lichte fraktie en het grind- 
'onderzoek boden aanknopingspunten voor een onder- 
scheid der verschillende terrasafzettingen. Monreal 
komt tot dergelijke resultaten voor het gebied juist 
ten oosten van de Limburgs-Duitse grens. Een zeer 
belangrijk profiel van Frimmersdorf wordt beschre- 
ven door von der Brelie, Klipper en Teichmüller. 
Hierin werd onder meer een fraai ontwikkeld inter- 
glaciaal aangetroffen, waarın zowel vruchten als 


stuifmeel van Ptecorcarya voorkwamen. Op grond - 


van de terrassencorrelatie is er geen twijfel mogelijk, 
of we hebben hier te maken met Be Holstein 
(Mindel-Riss) interglaciaal. Tot dusverre was het 
vcorkomen van Pterocarya niet met zekerheid voor 
dit interglaciaal aangetoond, hoewel er verschillende 
aanwijzingen voor pleitten. Een zeer interessante bij- 
drage is de samenvatting van Thome: Eisvorstosz 
und Fluszregime an Niederrhein und Zuider See im 
Jungpleistozän. Hierin wordt een up-to-date over- 
zicht gegeven over hetgeen bekend is aangaande de 
ijsbedekking gedurende het Saalien in het Neder- 
riingebied en in Nederland. Met nadruk wordt ge- 
wezen op het belang van de stuwwallen als getuigen 
van het opdringen van het landijs. Voorts rekent de 
schrijver af met de opvatting dat de z.g. diepe dalen 
(Gelderse Vallei, IJsseldal) pre-existerende rivier- 
dalen zouden zijn. Het gaat hier om door het jjs 
gevormde tongbekken en ”Querfurchen”. Deze laatste 
ontstonden dwars op de richting van het oprukkende 
landijs, op de plaatsen waar aanvankelijk marginale 
fluvioglaciale rivieren stroomden. Hier was geen 
tjäle aanwezig, en vond het ijs een weke ondergrond, 
die gemakkelijk geerodeerd en weggeperst kon wor- 
den. De tongbekkens ontstonden waar zich ijslobben 
bevonden. Braun behandelt eindmorenes en andere 
afzettingen bij Xanten. 

Vele bijdragen zijn gewijd aan de problemen van 
de indeling der loessafzettingen op grond van de 
daarin aanwezige bodems, (Müller, Frechen, Rosauer, 
Mückenhauser, Remy) en de vulkanische tuf-horizons 
(Frechen, Schönhals). Voor wie een vreemde is in 
het Jeruzalem van het loessonderzoek kan ook uit 
deze bijdragen blijken, hoezeer de meningen nog vaak 
principieel uiteenlopen, en hoeveel voetangels en 
klemmen op dit terrein liggen. Tenslotte zijn ver- 
schillende bijdragen gewijd aan het Laatglaciaal 
(Schönhals, Averdieck, Döbling, Frechen). Vooral de 
vulkanische ashorizon van de Laachersee-uitbarsting 
gedurende de Allerod, blijkt een belangrijk gids- 
niveau te zijn, dat in venen en meerafzettingen is 
teruggevonden tot bij de Oder en aan het Boden- 
meer. Er zijn thans 7 C14-dateringen van deze 
horizon bekend, die allen om en nabij 11.000 jaar 
geleden liggen. 

Het werk besluit met twee samenvattingen. Von 
der Brelie geeft een overzicht over de problemen 
van de stratigrafie terwijl Quitzow cen inzicht geett 


in het ontstaan der terrassen door het samenspel van 
tektoniek en periodieke klimaatsveranderingen. Een 
fraai uitgevoerde terassenkaart is als bijlage toe- 
gevoegd. 

Concluderend moge de wens worden uitgesproken, 
dat dit fraai uitgevoerde werk, de brede belangstel- 
ling moge vinden, die het verdient. 


W. Zagwijn 


Handbuch der stratigraphischen Geologie, herausgeg. 
von F. Lotze, III. Band. 
Tertiär, von A. Papp und E. Thenius. 
Erster Teil: Grundzüge regionaler Strati- 
graphie, bearbeitet von A. Papp. XI + 411. 
mit 89 Abb. und 63 Tab. Prijs ing. DM 84.50, 
geb. DM 88.—. 
Zweiter Teil: Wirbeltierfaunen, bearbeitet von 
Ba Thenius X1 7231168. mit 32 Tab., 12 
Abb. und 10 Taf. Prijs ing. DM 63.50, geb. 
DM 67.—. Ferdinand Enke Verlag, Stuttgart 
1959. 


Al weer een groot handboek in vele delen! Na de 
cmvangrijke paleontologische handboeken, waarvan 
er thans drie naast elkaar verschijnen, nu een strati- 
grafisch handboek. Ieder, die enigszins thuis is in de 
overstelpende hoeveelheid publikaties, waarmee de 
stratigrafische literatuur dagelijks wordt verrijkt, zal 
zulk een omvangrijke compilatie met vreugde be- 
groeten. Het is geen toeval, dat juist in de stratigrafie 
en in de paleontologie de behoefte aan zulke samen- 
vattingen sterk wordt gevoeld, omdat in deze ge- 
deeltelijk beschrijvende wetenschappen de literatuur 
niet snel, en voor een deel zelfs nooit, veroudert. 
Er bestaat dan ook een lacune tussen kleinere, b.v. 
regionale, samenvattingen aan de ene kant, en leer- 
boeken aan de andere kant. 


Dit nieuwe handboek zal uit dertien delen bestaan, 
nl. een algemene inleiding over stratigrafische be- 
grippen, een overzicht, en elf delen over de afzet- 
tingen van het Kwartair tot het Prekambrium. Het 
initiatief is afkomstig van F. Lotze, die ook als 
redacteur van het gehele werk optreedt. Als eerste 
is thans het derde deel verschenen, gewijd aan het 
Tertiair. Wie wellicht in de dertien delen een slecht 
voorteken mocht zien, zij er ter geruststelling direct 
op gewezen, dat dit derde deel reeds uit twee delen 
bestaat. 

Deze twee delen bevatten ongeveer 700 bladzijden. 
Waarschijnlijk zijn er geen twee stratigrafen te vin- 
den, die gelijke opvattingen hebben over de beste 
wijze om de stratigrafie van het Tertiair in 700 blz. 
samen te vatten. Laat ons eerst zien welke weg hier 
gekozen is. In het eerste deel (’Grundzüge regionaler 
Stratigraphie’), grotendeels door A. Papp (Wenen) 
geschreven, valt de nadruk op de marine afzettingen; 
in het tweede deel ("Wirbeltierfaunen’), geheel door 
E. Thenius (Wenen) geschreven, valt de nadruk op 
de continentale afzettingen. 

Papp begint met een kort historisch overzicht van 
de stratigrafie van het Tertiair en een overzicht van 
de ontwikkeling van de evertebraten in het Tertiair. 
Na dit algemene gedeelte (60 blz.) begint het regio- 
nale gedeelte: Europa (185 blz), Afrika (door A. 
Tollmann) (30 blz.), Azie (35 blz., met hoofdstukken 
door Turnovsky over Klein-Azie en door Glässner 
over het indopacifische gebied) en Amerika (35 blz.). 
Dan volgt nog een derde gedeelte (door W. Klaus) 
over de palynologie, en een korte slotbeschouwing. 
Bijna de helft van het boek is dus aan Europa ge- 
wijd. Dit is dan ook het enige werelddeel, waar eerst 
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een splitsing in Paleogeen en Neogeen wordt ge- 
maakt, voordat de behandeling over kleinere regio- 
nale eenheden wordt verdeeld. 
De behandeling van het Paleogeen van Europa begint 
met de gebieden om de Noordzee: Belgie, Groot- 
Brittanni@ en het Bekken van Parijs, Denemarken en 
Noord-Duitsland. Dit gedeelte wordt afgesloten met 
paragrafen over het Bekken van Mainz en de Boven- 
Rijndalslenk, een vergelijking van de westeuropese 
typegebieden en een speciale paragraaf over het 
Aquitanien, dat voorlopig, vooral op grond van de 
ontwikkeling van de zoogdieren in het Burdigalien, 
tot het Oligoceen wordt gerekend. De marine op- 
eenvolging van Saint-Jean d’Etempes wordt als 
typeprofiel beschouwd. 


Vervolgens komt de reeds tektofacieel geheel an- 
dere ontwikkeling van het Paleogeen in het gebied 
van de Alpen en de Karpaten aan de beurt, waar 
talriike onderzoekingen van de laatste tijd grote 
veranderingen in onze opvattingen hebben teweeg- 
gebracht. Met de zuideuropese gebieden wordt dan de 
bespreking van het Paleogeen afgesloten. 


De behandeling van het Neogeen begint eveneens 
met Noordwest-Europa, maar het zwaartepunt valt 
nu natuurlijk op het mediterrane gebied in de ruimste 
zin. Aan het Bekken van Wenen wordt hierbij bijzon- 
dere aandacht geschonken, hetgeen men wel gedeel- 
telijk aan de bijzondere betekenis van dit klassieke 
gebied kan toeschrijven, maar dat zeker ook wel 
enigszins is beinvloed door de persoonlijke voorkeur 
van de schrijver. Zeker welkom is ook de uitvoerige 
behandeling van de bekkens in het gebied van de 
Paratethys. Ook dit deel van het boek wordt af- 
gesloten door een stratigrafische vergelijking van ver- 
schillende gebieden, waarbij de problemen van de 
stratigrafie van het Mioceen sterk op de voorgrond 
staan. 


In vergelijking met Europa is de behandeling van 
de overige continenten veel beknopter. Aan A. Toll- 
mann is de ondankbare taak ten deel gevallen in 30 
blz. een samenvatting te geven van het afrikaanse 
Tertiair. Het hoofdstuk over Azie is gedeeltelijk 
door Papp geschreven (Nabije Oosten en Siberie), 
terwijl Turknovsky Klein-Azie en Glässner het indo- 
pacifische gebied van Iran tot Australie en Japan 
bewerkten. Van Papps eigen hand is tenslotte het 
overzicht van het amerikaanse Tertiair in ruim 40 
blz. 


Dit regionale deel, dat het grootste deel van het 
eerste deel in beslag neemt, wordt dan nog gevolgd 
door een groep hoofdstukken over de palynologie 
van het Tertiair (door W. Klaus) en een korte slot- 
beschouwing door Papp. 


Valt in het eerste deel het accent op de marine 
ontwikkeling van het Tertiair (zonder daartoe uit- 
sluitend beperkt te blijven), in het tweede deel, dat 
geheel door Thenius is geschreven en aan de verte- 
bratenfauna’s is gewijd, valt het accent uiteraard op 
de continentale ontwikkeling, ook weer zonder daar- 
toe beperkt te blijven zodra groepen als Cetacea, 
Pinnepedia en Sirenia ter sprake komen. Enige her- 
halingen waren zodoende onvermijdelijk. Overigens 
is de behandeling, dit verschil in accent in aanmer- 
king genomen, in grote trekken gelijk aan die in het 
eerste deel. Tussen een algemene inleiding en een 
algemsen slot is het grootste deel gewijd aan een 
regionale behandeling van de vertebratenfauna’s. Dat 
de zoogdieren daarin de toon aangeven, ligt voor de 
hand. De rijke amerikaanse fauna’s nopen tot een 
uitvoerige behandeling, die in dit deel ongeveer even- 


veel ruimte in beslag neemt als die van de europese 
fauna’s. Aan het slot van dit deel wordt een ver- 
antwoording gegeven van de begrenzing van het 
Tertiair en van de grenzen binnen het Tertiair. Hier 
vindt men dus ook de nodige gegevens, die er toe 
geleid hebben, dat het Aquitanien tot het Oligoceen 
werd gebracht. 


Dit summiere overzicht van opzet en inhoud van 
deze beide delen maakt voldoende duidelijk, dat hier 
een welhaast onvoorstelbare hoeveelheid literatuur is 
verwerkt en op bewonderenswaardige wijze is samen- 
gevat. De tekst wordt bovendien op bevredigende 
wijze door illustraties (fossielen, kaartjes en profielen) 
en door talrijke tabellen ondersteund. Dat men hier 
en daar wel eens geneigd is een vraagteken te plaat- 
sen is onvermijdelijk. Zo ben ik b.v. bepaald niet erg 
ingenomen met de wijze waarop in het eerste deel 
verschillende stratigrafische begrippen, speciaal eta- 
ges, worden gedefinieerd. Dezelfde termen worden 
trouwens in het tweede deel anders gebruikt. Jammer 
is ook, dat men niet is ontkomen aan de bij vele 
duitse uitgevers nog in zwang zijnde gewoonte om 
alle literatuurverwijzingen doorlopend achter elkaar 
te plaatsen. Weliswaar spaart dit enig papier (vol- 
gens mijn berekening drie en halve bladzijde op het 
gehele eerste deel!) maar de leesbaarheid is ten 
zeerste gebaat bij een nieuwe regel voor iedere ver- 
wijzing. 

Van meer principiele aard zijn mijn bezwaren tegen 
de verdeling van de stof over de delen II en III van 
dit handboek. Hier is de klassieke indeling van het 
Kenozoicum in Tertiair en Kwartair gevolgd. Nu 
bestaan er over het Kwartair talrijke uitstekende, en 
daaronder vele nieuwe, stratigrafische boeken. Had 
het nu niet veel meer voor de hand gelegen hier het 
Kenozoicum in Paleogeen en Neogeen (inclusief 
Pleistoceen) te verdelen. Uit deze beide delen over 
het Tertiair kan men op tal van plaatsen argumenten 
putten, dat de grens Oligoceen/Mioceen een zeer be- 
langrijke paleontologische grens is, veel belangrijker 
dan de overige tertiaire seriegrenzen, en veel belang- 
rjjker ook dan de grens Plioceen/Pleistoceen. Hier is 
een kans gemist om een vee] beter gefundeerde in- 
leiding van het Kenozoicum ingang te doen vinden. 

Op gevaar af ondankbaar te schijnen over wat ons 
geschonken is, moet ik nog een ernstig bezwaar 
signaleren. Ik zou daarover hebben gezwegen, ware 
het niet dat er nog meer dan tien delen over andere 
eenheden te wachten zijn. Het komt mij nl. voor dat 
de gehele behandeling van de stof te sterk paleon- 
tologisch, d.w.z. biostratigrafisch, getint is, Niet 
alleen is dit weerspiegeld in het afzonderlijke deel 
over de vertebratenfauna’s, ook het eerste deel op 
zich zelf lijjdt onder dit euvel. Het boek weerspiegelt 
nog zeer sterk wat men de klassieke stratigrafie zou 
kunnen noemen, die er voor alles op uit was verti- 
kale opeenvolgingen zo gedetailleerd mogelijk in 
kleine eenheden in te delen. Zij is bij uitstek ana- 
lytisch gericht. Dat de palynologie en de vertebraten- 
paleontologie onafhankelijk van elkaar en van de 
overige behandeling besproken worden, lijkt mij daar 
ook een gevolg van. Men mist de synthese, die na 
de analyse de delen weer aan&envoegt tot een samen- 
hangend beeld van de genese van de sedimentaire 
pakketten, als het produkt van tal van factoren: 
faciele, paleogeografische, bio-geografische, tektoni- 
sche, om slechts enkele belangrijke te noemen. Zo vat 
dit boek het verleden samen, maar het wijst niet 
naar de nieuwe tijd in de beoefening van de strati- 
grafie. 


A. Brouwer 


Bo 


KON. NED. GEOL. MIJNB. GENOOT- 
SCHAP 


Oproep tot de bijzondere vergaderingen 


in april en mei 1961 


Zaterdag 15 april te 14.30 uur 


in het gebouw v. d. N.V. B.l.P.M., Catel van 
Bylandtlaan 30, ’s-Gravenhage. 


Sptekers: Ir. Tj. J. C. Smid, m.i.; Ir. R. van 
Ginkel, m.i.; Drs A. H. van der Veen. 


„De samenhang tussen ertsverwerkingsproble- 
men en de mineralogische eigenschappen van 
pyrochloorhoudende carbonatiet uit Panda Hill, 
Tangajika”. 


Vrijdag 12 mei te 20 uur 


in het gebouw v. d. N.V. B.I.P.M., Carel var 
Bylandtlaan 30, 's-Gravenhage. 


Sprekers: Prof. Dr. Ir. J. Westerveld: 


„Mineralogie en ontstaanswijze van de man- 
gaanertsgang van de Berg Brandnuten in Zuid- 
Noorwegen”. 


Prof. Ir. H. J. de Wijs: 


„Graniet en gneis in Zuid-Zweden. Diaposi- 
tieven, opgenomen tijdens de excursie A 28, 
verbonden aan het XXIe Int. Geologen Con- 
gres te Kopenhagen, 1960”. 


Bun u 12 rn a a a a EEE, 
Tea u 
OPROEP 
tot de 


Bijzondere Vergadering 
van de GEOLOGISCHE SECTIE 


op vrijdag 28 april 1961, 


in het gebouw van de N.V. B.I.P.M., Carel van By- 
landtlaan 30 te 's-Gravenhage, te 20 uur. 


Spreker: Dr. R. Teichmüller (Geologisches Landesamt 
Nordrhein-Westfalen). 


Onderwerp: 


„Neue Ergebnisse hinsichtlich der Entwicklung der 
subvariscischen Saumsenke”. 


De secretaris Drs. H. M. Harsveldt. 


EEE 


AGENDA 


Bijeenkomsten en excursie op geologisch 
gebied 


Antwerpen, 22 april 1961 


Voordracht: Ir. J. Renard 
„De nieuwe petroleumconcessies in Belgie”. 


Antwerpen 29 april (voormiddag) 
„Excursie naar de havenwerken van Antwer- 


pen”, onder leiding van Prof. Dr. J. de Hein- 
zelin. 

Voordracht en excursie gaan uit van het 
Geologisch Genootschap T.l.-K.V.I.V. 


Inl.: Ir. J. F. Mariman, Leopoldstraat 48, 
Mechelen. 


Gent 31 mei—6 juni 1961 


„Symposium sur la stratigraphie du Neogene 
nordique”. 

Inl.: J. de Heinzelin en R. Tavernier, Ro- 
zier 6, Gent, Belgie. 


Warschau 2 september—7 september 1961 


„VIth INQUA Congress (International As- 
sociation in Quaternary Research). 


Inl.: R. Galon, Geographical Institute of the 
University, Torün, Polen. 
Postiers, april 1962 

Colloque sur „Les seuils geologiques a la 
lumiere des detroits actuels”. 


Inl.; J. Roger, B.R.G.M,, 74 Rue de la Fe- 
deration, Paris 15, France. 


EXCURSIE GEOLOGISCHE SECTIE 
6, 7 en 8 mei 1961 


Dit jaar houdt de Geologische Sectie haar jaarlijkse 
excursie naar de Devoonriffen in Belgie. De excursie 
onder leiding van Professor M. Lecompte (Institut 
Royal des Sciennes Naturelles de Belgique). 

Het excursieprogramma is bereids aan de leden per 
stencil geconvoceerd. Een nadere aankondiging met op- 
gave van kosten wordt alleen toegezonden aan hen die 
zich voorlopig hebben opgegeven. 


De secretaris H. M. Harsveldt. 
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PERSONALIA. 
Nieuwe leden: PRADE, H. ©. — Leiden, Langebrug 26 A. (bg) 
(Gay: 
LUNSEN, H. A. VAN — Utrecht, Anth. Mattheus- ROMKEMA, E. — Leiden, Niewwsieeg_ 13. (bs) 
laan 51 bis. (bg) (U.G.V.). (LGY.). 


VRIES, W. C. P. DE — Haarlem, Mentawistraat 48. 
(be) (G.V.A.). 

Nieuwe adressen: 

BERG, geol. drs. A. VAN DEN — Edmonton (Alta.), 
Canada, 10317-137 Street. (g) (gk). 

CUP, Dr. K. C. — Bussum, Spoorlaan 30. (b) (gk). 

ES, geol. drs. EE VAN — Manokwari, Ned. Nieuw- 
Guinea, p/a Stichting Geol. Onderzoek. (8). 

HINTE, J. E. VAN — Utrecht, Oude Gracht 301. (g). 

KLEYN, P. H. VAN DER — Utrecht, Hendrik de 
Keyserstraat 47 bis. (bg) (U.G.V.). 

KNOBPS, J. H. H. — Delft, Warmoezierstraat 9. (bg) 
(M.V.D.). 

KÜNDIG, Dr. E. — Pfäffikon (Zürich), Schweiz, 
Tumbelenstrasse. (g) (gk). 

LEEFLANG, geol. drs. W. A. W. — Benghazi, Libya, 
c/o Liamco, P.O. Box 199, (g). 

MENTE, geol. drs. A. — Recife (Pernambuco), Brasil, 
Caixa Postal 1093. (g). 

NANLOHY, M. A. — p/a 's-Gravenhage, van Lans- 
bergestraat 77. (bg) (L.G.V.). 

OLTHOF, Mej. P. J. — Ottawa, Ont. Canada, 180 
Friel Street, Apt. 48. (bg). 

PILAAR, geol. drss. W. F..H. — Ia Pax, Bolivia, 
S.Am., c/o Compania Petrolera Boliviana, Shell 
Ltd., Cajon Postal 20. (g). 


SCHRIJVER, K. — Amsterdam, Radioweg 52. (8). 

STEENSTRA TOUSSAINT, J. P. P. — Leiden „Wal- 
lon”, Rapenburg 12. (b). 

STRACKE, m.i. Ir. K. J. — Bo, Sierra Leone, c/o 
Diamond Corporation of Sierra Leone (g) (K). 

SIJP, Dr. J. VAN DER — Zeist, Utrechtseweg 26. 
(g) (ek). (per 1.6.1961). 

WESTRA, geol. dts. R. H. — Puerto de la Luz, Las 
Palmas, Gran Canaria, Spain, c/o American 
Overseas Pet. (Spain) Ltd., Secretario Artiles 63 
- 2e. (8). ; 


Mutaties: 


LINGEN, Dr. G. J. VAN DER — van (bg) (U.G.V.) 
naar (g) (gk). 

ROMEIN, geol. drs. B. J. — van (b) naar (g). 

Correctie: 

GRAADT VAN ROGGEN, geol. drs. J. F. — Ban- 
croft, Northern Rhodesia (i.p.v. Southern Rh.), 
c/o Bancroft Mine Ltd., Geology Dept., P.O. 
Box 1. (b). 


Adres gevraagd: 
VELDEN, Ir. E. J. J. M. VAN DER — (m). 


De leden worden, ter bevordering van een snelle afdoening van zaken, verzocht kennis te nemen 
van de volgende adressen voor correspondentie betreffende: 


Toezending Geologie en Mijnbouw: „Geologie en Mijnbouw”, Hofwijckstraat 9, 's-Gravenhage. 


Personalia: Secretariaat K.N.G.M.G., Paviljoensgracht 72, 's-Gravenhage. 
Contributie: Ir. H. K. Hylkema, m.i., Godetiaweg 80, 's-Gravenhage. 
Contributiebetaling uitsluitend op giro 40517, t.n.v. de penningmeester van het Genootschap 


te 's-Gravenhage. 


RIJKSUNIVERSITEIT UTRECHT 


|Vacature Mineralogisch-Geologisch Instituut Utrecht 
a 


"Door het vertrek van Ir. C. P. M. Frijlinck zal per 1 januari 1962 vacant komen de plaats van 
.o 
wetenschappelijk hoofdambtenaar 
bij de afdeling Algemene Geologie. 


Gegadigden voor de vervulling van deze vacature worden verzocht zich in verbinding te stellen met prof. M.G. Rutten. 
"Het werk zal zowel organisatorische werkzaamheden., als het (mede)leiden van excursies en veldwerk omvatten. 


Salaris volgens het wetenschappelijke rangenstelssl. Beginsalaris naar ervaring en leeftijd te regelen. 


KABINET VAN DE GEVOLMACHTIGDE MINISTER VAN SURINAME 


Ten behoeve van het Ministerie van Opbouw in Suriname worden gevraagd: 
4 MIJNINGENIEURS C.Q. VELDGEOLOGEN 


die zullen worden betrokken bij het geofysisch onderzoek van Suriname. 


Uitzending: in tijdelijke dienst met een dienstverband van 3 of 5 jaren; 

Bezoldiging: Sf. 6720,— tot Sf. 10320,— (10 x 1 x Sf. 360,—) of Sf. 7080,— tot Sf. 11040,— (11 x 1 x Sf. 360,—). 

Inpassing in e&n der genoemde bezoldigingsschalen geschiedt naar gelang van de opgedane ervaring; 

Kortverbandtoelage: 10 % van de gedurende de werkzaamstelling in Suriname te verdienen bezoldiging, uit te betalen nä afloop van 


het dienstverband; 

Uitrustingskosten: voor gehuwden: 1/4 gedeelte van de toe te kennen jaarbezoldiging met een maximum van Sf. 2500,—; 

voor ongehuwden: 1/6 gedeelte van die bezoldiging; 

Overtocht: voor Landsrekening c.q. ook voor het wettig gezin, van Nederland naar Suriname en nä afloop van het dienstverband 


van Suriname naar Nederland; 
Sollicitaties in duplo (en exemplaar op luchtpostpapier) vermeldende volledige opleiding en levensloop, alsmede een opgave van 
referenties, binnen 14 dagen na het verschijnen van deze advertentie, te zenden aan het Kabinet van de Gevolmachtigde Minister 


van Suriname, Alexander Gogelweg 2, Den Haag. j 


DE NEDERLANDSE OCTROOIEN HET NEDERLANDS OCTROOI 
\ Nos. 77687 en 81 229 ten name van: Ns aen Hama van. 
Baker Oil Tools, Inc., te Los Angeles, Californie, 
Verse v2Am: 
resp. betreffende: 


Hughes Tool Comp. te Houston, Texas, Ver. St. v. Am. 
betreffende: 


„Inrichting voor het afdichten van een boorbuis” „Schroefdraadverbinding” 


en „Centreerinrichting” wordt ter overneming of licentieverlening aangeboden. 
| worden ter overneming of licentieverlening aangeboden. nero 
Inlichtingen verstrekt: n | 
Octrooibureau Vriesendorp & Gaade 


Octrooibureau Vriesendorp & Gaade 


Dr. Kuyperstraat 6, ’s-Gravenhage Dr. Kuyperstraat 6, ’s-Gravenhage 


|Bergbau- 
|, Arbeitsmaschinen 


Armaturen 
| jund Geräte G Ne) j? Vertegenwoordiging v. Nederland 


SJEF G. DE GROOT 


| | N / Hoolstraat 53-55 - Voerendaal (L ) 
PAUL LE TRETEN Tel. (0 4446) 440 


Maschinenfabrik Regeltechnik sten 4154 Hattingen 


Metallgießerei 


a ‘Hammerthal:Nord über Hattingen/Ruhr "Fernschreiber Nr. 0825 83% 


Handelsgesellschaft m. b. H. 


\ Power Pioneeı 


: Pprospectie-boo 


winnaar o 


eigen terrei 


bodemonderzoek 

voor funderingen 
bronboring 

alluviaal grondonderzoek 


Geen wonder dat de Power Pioneer 
(P.P.) snel een eigen markt verovert. 


BEER 


Probeer deze unieke prospectie-boo 
en alstal van uw enthousiaste collega’s 
zult u voortaan altiid gebruik willen 
maken van de tijd-, werk- en kosten- 


besparende Power Pioneer. 
N 


HÄÄRLEM'- HOLLAND 


Postbus 134 - Haarlem 


ee Wu 


Bauduin 


DE VRIES ROBBE & CO NV. 


GORINCHEM 


staalconstructies 


MEER RR EA TERRITER, 


Van nove 


HERREN ET RE 


Cenrai Ba Ofrice mit S eis MAC System - 
ausgerüstet für HTL Magnetic Discs - SIE Magnetic Tapes 
RETTET EEE ERTL ARFNINTE Seren 
Refraktion - Reflexion - Gravimetrie (zu Lande und zu Wasser) 
Geoelektrik (Eigenpotential - Widerstand - Induktion) 
Szintillometrie - carborne registrierend. 


Magnetik 


NETSTORING OF 
NOODTOESTAND? 


N Se kreigger 
FAMOST R zorgt voor ! BRINKMAN & GERMERAAD N.V. 


En VELP (G.) Postbus 27 
stationaire en transportabele noodverlichting e Tel, au rn 


MATERIAAL| 
I 


p-v.b.a. 


I) 
Ets. „RAYDO 
Hoofdzetel te Brussel 
Priemstraat 23, 
rue du Poingon 
telefoon (02) 
111790 
Den Haag-W.; 
! Rotterdam-N.; Rotterdam-W. en Utrecht 


in Belgie: 


Antwerpen; 
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dan 40 
in Nederland: 
(070) 
Depots te 
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meer 
RAYDO FABRIEK 


A. C. RAYDT n.v. 
Hoofdzetel te Den Haag 


Bezemstraat 10 / 
601919 en 112525 


Ged. Gracht 231 


telefoon: 
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PLUGKRANEN 


VOOR PERSLUCHT LEIDINGEN IN 
„HOLLAND - BERGEN OP ZOOM” 


N.V.MACHINEFABRIEK EN IJZERGIETERIJ 
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V. METAALDRAADWEVERU 


Siinste maasw 
DINXPERLO 


eefbare metalen en le 


Ook uit kunststoffen als: 


nylon, polyethylene 


van de grofste tot de 


uit alle w 


GEWEVEN GAAS 


N. 


Hydraulische 
raambouwen 


systeem 


LÖCKNER-FERROMATIK 


is op bovenstaande foto op indrukwekkende wijze te zien. 


et mechanisch stempelvrije front 


De afgebeelde raambouwen worden nog per stuk hydraulisch bediend. 


{et ontbreken van een man op de foto symboliseert echter dat de centale bediening nog slechts 


Sen stap is (zij het een grote stap). 


DU CROO & BRAUNS 


AMSTERDAM 


ANNIMMT 


6.3. M. DIEDEREN 


aanleg van 
‚gas- en waterleiding 
riool- en kabelwerken 


N.V. STAALCONSTRUCTIE en MONTAGEBOUW 


y 
„DEMY” 


GELEEN (Holland) 
Tel. Sittard (0 4490) 36 46* 


III 


MINNlOCOMOoTIEven % Luchtcompressors 


Naamloze W. A. HOEK’s Postbus 78 
Vennootschap MACHINE- EN ZUURSTOFFABRIEK SCHIEDAM 


Ook bij de wagonbouw weet men wat SG ijzer waard is! 


Aspotten voor wagons: een goed voorbeeld fü IE Ian Im Ian Ein Ba BE EHRE HEN aA BEER 


van een geheei bewerkt serieprodukt. SG TYPE C 
Materiaal: SG ijzer type C. (sferoidaal grafiet gietijzer) 
Waarom SG ijzer? De goede bewerkbaarheid, TREKSTERKTE 


de hoogwaardigheid en vooral ook de 
betrouwbaarheid van dit materiaal 
zijn beslissend voor de fabrikanten van 


42-55 kg/mm?2 
ELASTICITEITSGRENS 
32-45 kg/mm? 


de aslagers om SG te kiezen REK 
voor de aspotten. 10-20 9, 
BRINELL WAARDE 
TECHNISCHE 160-210 


Machine-industrie - chemische 
industrie- appendage-industrie- 
motoren-industrie - transport 
installaties - electrotechnische 
industrie - wegenbouwmachi- 
nes - rollend materieel - mijn- 
bouw-industrie - constructie- 
bouw - landbouwmachines. 


WYOORLICHTING 


V 


Het meesterteken op 
alle Vulcanus-gietwerk 


Onze afdeling Technische Werk- 
voorbereiding en ons Laborato- 
rium dienen U graag van advies 
bij vormgeving en materiaalkeu- 
ze van het gietstuk. 


| VONEA NUS: N.V. NEDERLANDSCHE IJZERGIETERIJ - VAASSEN 


N.V. WERF GUSTO v/h FIRMA A. F. SMULDERS 


SCHIEDAM 


TELEFOON ROTTERDAM 
69030 (4L) 69420 (4 L) 


GELEEN 


TELEFOON 3345 .3346 


SERVICEBEDRIJF VOOR 
DE MIJNEN 


nn 


SKIPVERVOER 
BOVENGRONDSE- 

KOLENVERWERKING 
WASSERUEN,SYSTEMEN STAMICARBON 
O.A. STAATSMIINEN CYCLOON- EN 
DRIJFWASPROCEDE'S 
MECHANISCHE KOOLWINNING 
O.A. SCHRAPER- EN SCHAAFINSTAL- 
LATIES 


TRANSPORTINRICHTINGEN 


Leveranties in: 
Nederland, Belgie, Frankrijk en Engeland 


y 


_ GUTEHOFFNUNGSHÜTTE 
2313:10:7113 
AKTIENGESELLSCHAFT 


De GHH- transportabele hydraulische spaninrichting 


betekent vlugger en veiliger stutten! 


Het gebruik van de hamer, met de daaraan verbonden risico’s, is overbodig. 
De GHH stempels met torsıeslot zijn instelbaar voor iedere gewenste 
belasting. 

Het roven van de stempel kan op afstand geschieden (door middel van 
een trekkabel). Bovendien waarborgt het torsieslot minimale slijtage en 
onderhoud. Door eenvoudige constructie en relatief gering gewicht: 


goedkoop. Vraag ons prijsopgave voor GHH torsiestempels en GHH 


kappen. 


ROLLO NV. - ALEXANDERSTRAAT I0 - DE 


BUKANTOOR VOOR LIMBURG: .DIPL. ING. F. J. HUNDSCHEID, AKERSTRA, 


7 R EB Re a SE ur Er, 
& r OR Se 


The wide range of Craelius Bits gives the 


possibility of selecting the most suitable type 
and quality for any particular drilling problem 


u 


DRUKKER & Zn. N.V. ‚ 


RINGDUKT2 - AMSTERDAM — PHONE 50369. 53068 


"DIAMONDS 


